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ENERGY GUIDELINES FOR SCHOOL FACILITIES

Purpose. The purpose of the study was to determine energy
conservation practices in selected school systems and to identify
practical means of efficient utilization of energy resources as they
relate to educational facilities.
As a part of this study, guidelines
to improve the utilization of energy resources in practical ways were
developed.
M e t h o d . The study was presented in three parts.
First,
related literature was searched for criteria for guidelines for energy
conservation opportunities.
These criteria were augmented and
confirmed through interviews with authorities in the field of energy
conservation.
Second, a rating sheet was developed and used to
determine the significance of the criteria as rated by authorites in
the field.
Third, using the rated guideline elements, a survey
instrument was developed and used to collect data from the selected
ai-ea. These data were recorded in percentage format and were analyzed
by using the Mann-Whitney U test, the Spearman Rank~Order correlation
coefficient, and the Chi Square test.
Summary. The results of the analysis indicated that city
school systems had implemented more energy conservation practices
than county systems, but that financial cost had little bearing on
adoption practices. Many minimal/no cost guidelines had not been
implemented by the school systems.
Banked in order of importance to energy conservation were
insulation, administrative commitment, maintenance of buildings and
equipment, unwanted air infiltration, ventilation, night/holiday
setback, water temperature, training, energy audits, heating/cooling
procedures, administrative policies, written goals and objectives,
lighting, water conservation and temperature, double windows and storm
doors, landscaping and room decor.
Recommendations for effective and efficient energy conservation
in school systems included implementation of all no-cost guidelines,
budget scrutiny for short-and-long-range plans, publication of energy
costs and savings, written goals and objectives, written philosophy of
the system, a commitment to implement necessary procedures, staff
member to follow-up and track energy conservation practices, energy
audits annually, training for all staff members and students, top
level administrative commitment, efficient use of natural site and
landscaping for energy conservation, and disengagement of utilities
in unused areas.

2
The adoption practices in the selected area differed from
current research recommendations for implementation of energy
conservation practices.
Guidelines for procedural energy conservation
opportunities were made available to the selected area.

* * * * * * * * * *
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Chapter 1

INTRODUCTION

Although many environmentalists preached the advent of an
energy crisis during the past ten years, the mass of people was not
receptive to the bleak predictions of shortages in supplies of the
basic fuels for energy.

Conflicting reports from both sides of the

issue did little to inform the public of the seriousness of the
shortage in fuels.

As efforts to conserve energy resources were made,

the magnitude of the energy problem became apparent.

The desperate

need for gasoline during the winter of 1974, the increase in utility
prices, and the natural gas shortage during the winter of 1976 made
the average consumer aware of the necessity for energy conservation
practices.

The energy shortage prohlem presented a complex issue

involving political, environmental, economical and technological
aspects.
The social life style created by an available energy supply
faced drastic change as resources became scarce and less economical.
By 1970, consumers were becoming more aware of the need to be energy
efficient and, in many instances, became interested in methods for
supply of new energy sources.

Energy related research programs

appeared and received large financial support.

Two areas that

attracted great attention in energy research were utilization of
solar energy and development of nuclear energy.

Return to the use of

coal provided practical possibilities for increased production of

electrical energy;

however, the emission standards set by the

Environmental Protection Agency (EPA) and the unattractive methods of
extraction made other resources more desirable.

Improved methods of

energy generation were only one aspect of the overall energy problem.
Use of energy in public and private structures took on new signifi
cance.

Since complete restructuring of facilities was impractical,

efficient utilization was the focal point.

Better management was a

logical outgrowth of the crisis;

thus, the search for efficient

end uses became a major concern.

The political campaigns of 1976

clearly demonstrated the national emphasis being placed on energy
conservation and energy independence.
The general public began to seek means to conserve and use
energy resources efficiently.

Businesses moved to conserve energy by

changing lighting and heating or cooling practices.

Homeowners were

encouraged to reduce energy needs by adjusting thermostats, by making
better use of insulation, and by reducing electrical requirements.
As responsible community organizations, educational institutions,
facing the crisis on different levels, developed programs designed to
conserve energy.

The building of new facilities provided the

opportunity to develop energy efficient structures, but the problem of
efficient utilization in older structures was also emphasized.
methods created efficient utilization?

Which structures presented

possibilities of being improved to reduce energy consumption?
structures presented no possibilities?
school plant management?

What

Which

Was the core of the problem in

What guidelines were available for administra

tors interested in efficient school plant management?
management took on a new significance.

School plant
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STATEMENT OF THE PROBLEM

The problem of this study was to analyze energy conservation
practices in selected school systems and to make appropriate recommen
dations for efficient procedural guidelines in school facilities.
Subproblem One
To identify practical energy conservation guidelines for
educational facilities through a review of literature and inter
views, and to trace research relating to energy conservation with
special emphasis on energy conservation in educational facilities.
Subproblem Two
To judge the guidelines through a panel of energy conservation
experts.
Subproblem Three
To determine, according to the guidelines, energy conser
vation practices in the school systems in the selected area.

THE SIGNIFICANCE OF THE PROBLEM

The efficient utilization of energy resources posed an everincreasing and demanding situation for the world.

Shortage of

resources demanded economical and humanitarian responsibility, and
part of this responsibility lay within the school systems.

Better

management of resources by the school staff presented an economic and
a social challenge.

Even though the school systems lacked the techno

logical expertise found in scientific communities, many energy-conscious
decisions made at varying levels contributed to efficient utilization

of energy resources.

The necessity for school administrators and

their staffs to be cognizant of factors relating to energy use,
conservation, and efficient utilization presented value priorities
that related to the economic use of the educational dollar as well as to
significant contributions to the quality of societal life style.

The

need for energy conservation guidelines was significant.

THE PURPOSE OF THE STUDY

The purpose of the study was to determine energy conservation
practices in the selected area and to identify practical means of
efficient utilization of energy resources as they relate to educational
facilities.

As a part of this study, guidelines to improve the

utilization of energy resources in practical ways were developed.

LIMITATIONS OF THE STUDY

This study was primarily limited to the study of energy
conservation procedures in educational facilities.

The main effort

focused on analyzing energy conservation practices that offered
practical solutions to the problem.

The survey of energy conservation

practices was limited to school systems which were in the Upper East
Tennessee Cooperative district.

The review of literature and interviews

was limited to necessary historical data and to information necessary
for developing the guidelines,

Solutions requiring extensive plant

modification or large capital expenditures were omitted.

5
BASIC ASSUMPTIONS

The following basic assumptions were made:
1. The inefficient utilization of energy resources in
educational facilities is substantial.
2. Energy conservation is necessary in educational facilities
for economic and humanitarian benefits.
3. Energy consumed by these facilities could be reduced.
4. Administrators need concise, practical information
concerning efficient utilization of energy resources.
5. Through a review of literature and interviews with key
personnel, guidelines for energy conservation in educational facilities
could be compiled.
6. Reliability and validity of measuring devices can be
achieved through a panel of judges who are experts in the field of
energy conservation.

DEFINITIONS OF TERMS

Air Conditioning
Artificial treatment of air whether it be cooling or heating.
Air Infiltration
Unregulated entry of air into building spaces.
Billing Audit
An appraisal of energy consumption made through utility billsf

"Making and Using an Energy Audit," Energy Management Seminar
Handbook, (Knoxville:
The University of Tennessee Center of Industrial
Services, 1977), p. 2.

Conduction
Transfer through solids.

2

Convection
3

Transfer through fluids.
Energy
Power to produce action or effect;
work of a system.

property diminished by the

4

Field Audit
A walk through appraisal of a building.^
Guideline Element
A term used to describe a method for energy conservation.
Lumen
A quantity measure of light emitted by luminous energy.^
Maxi Energy Audit
Energy appraisal of a building made by consultants and experts
in the field of energy conservation.^

2

C.
L. Barnhart and Jess Stein, The American College Dictionary
(New York: Random House, 1969), p. 252,
"^Ibid. , p. 264.
4Ibid., p. 398.
^"Making and Using an Energy Audit," p. 7.
£
Barnhart, p. 725.
"Making and Using an Energy Audit," p. 15.

Mini Energy Audit
g
A walk-through appraisal of building and equipment.
Procedural Guideline
A guideline that requires little or no cost to implement or is
9

cost effective.
Relative Humidity
A measure of atmospheric water vapor.
Radiation
Emission and diffusion of heat and light.
R-value
Resistance to heat flow:

R represents thickness and density

of material, the higher the R number, the higher the insulating
c a pacity.^

PROCEDURES

In order to analyze energy conservation practices in the
selected area, guidelines were developed and rated by a jury of experts
in the energy conservation field.

These guidelines were then used to

determine energy conservation practices in the selected area.

Analyses

of the survey data were then made and findings were recorded.

8Ibid.
^Ibid., p. 10,
■^Barnhart, p. 1032.
1!lIbid., p. 998.

12

Tennessee Valley Authority, Insulate:
For Savings and Comfort,
(Tennessee Valley Authority, Division of Power Utilization, E/7774/Gud),
p. 4.
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Subproblem One
To identify practical energy conservation guidelines for
educational facilities through a review of literature and Interviews,
and to trace research relating to energy conservation with special
emphasis on energy conservation in educational facilities.

The

sources used for researching the energy conservation field were mainly
periodicals and government publications;

however, an invaluable

source for establishing the guidelines was found in interviews with key
personnel in the field.

These sources provided helpful information in

developing the energy conservation guidelines.

The data from the

interviews and review of literature were useful in the following ways:
1. The data from the review of literature provided concrete
information relative to energy conservation practices.
2. The data from the interviews augmented the review of
literature data.
Subproblem Two
To .judge the guidelines through a panel of energy conservation
experts.

In order to add reliability and validity to the study, the

guidelines were rated by a panel of judges with expertise in the
field of energy conservation.

The judges were arbitrarily chosen

from school plant planning personnel, architects, industry, a
development district, college professors with expertise in energy
conservation, and power company officials.

The judges were mailed a

rating sheet which included a code number for each guideline rating.
An explanation of each guideline rating was also included on the
rating sheet.

The experts judged the guidelines as:
Code
5

Guideline Rating

Explanation of Guideline Rating

Essential

A step necessary for efficient energy
use in school facilities

4

Highly Significant

A

step that is not absolutely

necessary but would be of functional
value for efficient energy use in
school facilities
3

Significant

A

step not necessary but would have

some functional value for efficient
energy use in school facilities
2

Little Significance

A

step holding little value even

though its presence would not harm
efficient energy use in school
facilities
1

Not Applicable

A

step which would have no value

Judges were asked to rate the elements according to the scale
shown above.

Judges were further requested to recommend elements not

listed and to include them in the ratings.

Elements securing a mean

value of 4.0 and above were considered highly desirable.

Elements

receiving a mean value of 3.0 to 3.9 were considered significant.

All

elements with a mean value of 2.0 or better were used in developing
the guidelines.

This was done to include all elements deemed to have

some significance in energy conservation.
used to develop the survey instrument.

The guidelines were then

10
Subproblem Three
To determine, according to the guidelines, energy conservation
practices in the school systems In the selected area.

The guidelines

rated by the judges were arrayed by means scores and no guideline with
less than 2.0 mean was included.
was developed.

From this data, the survey instrument

The school superintendents of the selected systems

were asked to indicate which guidelines were being met in their
systems.

This indication involved a YES or NO response.
The superintendents were also asked to record any additional

guidelines implemented by their systems.
and analyzed.

The data were then recorded

These procedures answered the following research

questions:
1. What are needed current practices in energy conservation
as indicated by the review of literature and interviews?
2. What energy conservation methods are being practiced in the
selected area?
3. What are practical guidelines for energy conservation in
school facilities?

ORGANIZATION OF THE STUDY

Chapter 1 contains the introduction, the statement of the
problem and subproblems, the significance of the problem, the
purpose of the study, the limitations of the study, basic assumptions,
definitions of terms, procedures and organization of the study.
Chapter 2 contains a review of literature of current trends in
economic energy utilization, an historical review of literature, a

11
review of interviews with key personnel in the field of energy
conservation, and practical guidelines for energy conservation
practices developed from the reviews.
Chapter 3 contains methods and procedures used in developing
the study.
Chapter 4 contains the data collected and their analyses.
Chapter 5 contains a summary of the study, the findings, and
recommendations for efficient procedural guidelines for school
facilities.

Chapter 2

REVIEW OF LITERATURE AND INTERVIEWS

HISTORICAL

Distant Past
Early conservation.

Energy conservation actually began

nearly 400,000 years ago when man first discovered fire and had to find
a means to preserve this energy resource.

As man learned how to use

this energy source, which provided heat, light and protection, he
began to harness the energy and to develop technology that fostered
experimentation with other energy resources.^
Very few developments took place until the seventeenth century
when wood became scarce and methods for extracting coal were developed.
Energy revolution.

James Watt’s development of the steam

engine in 1776 started the energy revolution.

When James P. Joule,

Sadi Carnot, and Rudolf Clausius formulated the laws of thermodynamics,
the relationships of energy, work and heat became theoretical and the
rapid advancement of energy developments began.
the battery and thus produced electricity.

In 1800 Volta invented

The developments of the

locomotive and steam engine aided the energy explosion.

In 1829

Joseph Henry and Michael Faraday invented generators which was

^Ideas and Activities for Teaching Energy Conservation: Grades
7-12, (Knoxville: The University of Tennessee Environment Center,
1977), p. 3.
12

13
followed by Lenoirs' internal combustion engine invention in 1860
and Parsons' invention of the steam turbine in 1884.

The first

successful automobile followed the discovery of petroleum in 1859 and
in 1892 Rudolf Diesel invented the diesel engine.

In 1895 the power of

Niagara Falls was harnessed and electricity became a significant
energy source.

Einstein's theory for measuring energy prepared the

way for the atomic age.

2

Twentieth Century
Space-age developments.

As twentieth century man developed

rockets, textiles, nuclear and atomic reactors, the sources of energy
began to dwindle.

Since energy supplies were inexpensive, the

consumption of energy became phenomenal, and the discovery of new
3
sources did not keep pace with the rapid consumption.
Oil crisis.

The oil crisis created an awareness of the energy

situation, and the increase in utility prices caused concern about how
to conserve energy.

H. L. Breckenridge predicted that the major

impact of the crisis will fall between 1980 and 1990.

He also warned

that the country, now experiencing a backlash, cannot endure the

4

fantasy of temporary shortages.

2

The Energy Challenge, (Washington,
Administration,) Activity #l.{n.d!}»

D. C . :

Federal Energy

3Ibid.
Si. L. Breckenridge, "Energy Management:
Intellect, April, 1977, p. 354.

A Crisis in Industry,"

Ill
The challenge we face today is to reject these attempts
to confuse us, to overcome the paralysis that seems to grip
us, to help our fellow citizens understand that we must have a
national energy policy with programs to eliminate waste and
conserve energy wherever practical, and to produce the energy
that we will need in the future. If we do create such energy
policies and if we implement the programs which will carry
theri. into effect, the people of this country can have adequate
energy, environmental protection, and economic stability. If
we
the inevitable result will be economic, societal, and
poxivital catastrophe, both domestic and international.^
Price increase.

Though energy was once cheap, the forecast of

experts revealed an increase in future energy costs which means that
the use of energy must be wise, efficient and without waste.

The

prediction that energy prices would nearly double in the next five
years elicited the comment that if fuel were traded on the stock
exchange, you would buy because there was never a surer thing.^
Ronald Derven and Carol Nichols believed that price increases
on every type of fuel make us aware that our disposable income is
finite and that the increased costs have already altered many people's
7

lifestyles.

Daniel Wallace estimated that more efficient methods of

moving people and things could save eight percent of the United States'
energy needs.8

^Mike McCormack, "Energy and the Future of America," Intellect,
April, 1977, p. 31 S.
8John H. Ingersoll, "Save Kilowatts, Save Dollars,"
Flighttime. September, 1977, p. 27.
^Derven, Ronald and Carol Nichols, How To Cut Your Energy Bills.
(Farmington, Michigan: Structures Publishing Company, 1976), p. 7.
O

Daniel Wallace, Energy We Can Live With.
Pennsylvania: Rodale Press, Inc., 1976), p. xi.

(Emmaus,

15
The Department of Commerce published estimates that a change
in operating methods could save five to twenty-five percent and that
minor capital modifications could save twenty-five to thirty-five
percent.

Energy costs for schools in 1972 - 1973 were one billion

dollars and were expected to exceed two billion dollars in 1976 - 1977
9
with an expected increase of twenty percent through 1980.
Derven and Nichols quoted experts as predicting ten to twelve
percent increases in fuel prices.

With fossil fuels becoming scarcer,

they contended that energy would become even more expensive.
Political aspects.

When the energy crisis no longer rated

banner headlines, many Americans began to believe that the crisis was
not real.

They blamed Congress and the energy companies for the

situation.^
The failure to understand the energy crisis presented one of
the most dangerous aspects of the situation.

A surprising number of

Americans refused to believe a crisis even existed.

Believing that

the energy crisis was a political game, many Americans did not accept
the crisis as real because of ominous implications for their own
future.

Some chose one method of conservation to support while others

totally rejected solutions to the problem such as nuclear power plants,
one hope for energy self-sufficiency.

Others remained complacent.

9
Ernest Boyer, "Energy," Today’s Education, September/
October, 1977, p. 56.
Derven, p. 315.
^ " H o w U. S. Consumers View Energy Crisis," Intellect,
September, 1977, p. 97.
12

McCormack, p. 315.
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Some aspects of the problem were excess consumption,
expansion of energy needs, a growing ecological consciousness and
environmental awareness, and a push for cleaner air.

No single

solution offered the answer to these questions or to avoiding future
energy crunches.
Felix Rohatyn stated that the two greatest crises are the
energy crisis, which threatens the economic structure and the
stability of currency, and the urban crisis, which threatens the
13
social and political structure.
Understanding the nature of the energy crisis and what
our response to it must be is a matter of supreme importance,
for our nation is truly in mortal danger. Our national security
and the stability of our economic systems — and even the
freedom of our political institutions — may well depend on our
ability to develop responsible energy policies and to implement
rational programs to carry them into effect.1k
The energy problem, found around the world and not just common
to America, was created by such obstacles as revision of tax laws
removing former incentives to petroleum exploration and development

13
and price controls.
Economic and social development.

Economic and social develop

ment brought a dilemma of unprecedented magnitude to the so-called
Fourth World.

The serious energy problems of the world related to past

policies of development which made rapid growth possible.

This growth

1

■^Felix G. Rohatyn, ''Energy Problems and Our Cities,"
Current. October, 1977, pp. 3-6.
^McCormack, p. 313.
^"International Development of Energy," Intellect. January,
1977, pp. 206-207.
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produced high demands on energy resources and increased dependence on
imported energy supplies.

Little concern was given to resources.^

Responsibility of education.

In architecture the world

committed its worst conservational sins.

School buildings, which

average a lifetime of forty to sixty years, were built with little
thought given to energy efficiency.

Donald E. Carr stated that it

behooves every administrator to look very carefully at all facilities.^
Energy, environment and education shared three fundamental
links.

First, schools and colleges consumed major amounts of energy.

Second, the training of individuals with technical knowhow for conserving
energy lay a responsibility on education.

Third, the necessity for

focusing on the realities of the twenty-first century presented
challenging perspectives for education.

18

That the role of the schools

in the country's energy future was important left little doubt in the
minds of conscientious administrators.

The large amounts of energy

consumed by today's schools caused administrators to be under pressure
to use less electricity, natural gas, heating oil and gasoline.

19

Schools consumed eleven percent of heating and cooling fuel in the
U. S. and, according to estimates, one half of which was wasted due to

16Ibid.
^Donald E. Carr, Energy & the Earth Machine, (New York:
Norton & Company, Inc., 1976), p. 226.
Boyer, p. 56.
19

"Energy Conservation," Educational Facilities Digest,
September, 1976, pp. 1-2.
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poor construction.

Of the 79,000 elementary schools, fifty percent

needed improvement.

The Federal Energy Administration estimated that

if thirty percent of the elementary and secondary schools were energy
efficient, twenty-five million barrels of oil could be saved per year.

20

It is, of course, important for all citizens to be informed
about these issues, but it is even more important for tomorrow's
voters and decision makers — students in today's classrooms —
to know about them.21
Kryger emphasized:

Most students spend 12 years in school.
education throughout all those years....^2

They need energy

Estimates from the Tennessee School Boards Association were that
the initial cost of a building might be exceeded three or four times by
operating and maintenance

c o s t s .

23

President Carter in a letter to

Americans stated that we must succeed if we are to maintain the current
standard of living.

24

In a publication of the Tennessee School Boards Association,
the statement was made that the energy crisis can encourage communication
and cooperation in many ways.

The Association endorsed the following

20_

Boyer, p. 65.

21

King Kryger, "Some Guidelines for Energy Programs," Today's
Education, September/ October, 1977, p. 60.
22Ibid., p. 61.
23

Tennessee School Boards Association:
School Board Member's
Handbook, (Knoxville: University of Tennessee Center Government for
Training, 1977), p. 125.
24

Tips for Energy Savers:
In and Around the Home, On the
Road, In the Marketplace, (Washington, D.C.: Federal Energy Administra
tion FEA/D-77/212, August, 1977), p. 2.
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reasons for initiating a comprehensive energy conservation program:
1. It can provide the board of education with a means of
retrieving valuable tax dollars that are wasted by inefficient
energy use.
2. It can provide the board of education with a means for
alleviating the impact of the energy crisis on schools.
3. It can provide the board of education with a means of
enhancing communication and cooperation among the state department
of education, the local community, and the education p e r s o n n e l . 25
The local school district must be made aware of its
responsibility in energy conservation, and commitment to a comprehensive program which will benefit everyone must be achieved.

26

Since energy conservation touches all areas of responsibility
in a school district, the Board cited that school board members,
trustees, and administrators need to be aware of the objectives of a
conservation program which are to:
1. Increase awareness of the energy crisis by employees,
students, and others in their communities.
2. Define areas of energy waste.
3. Take corrective action.
4. Meet self-determined energy saving goals.

27

The Federal Energy Administration issued the following
statement:
The efficiency of energy use is determined by the three
basic systems which comprise any functioning building.
These
are: energized systems, such as those required for heating,

25

Tennessee School Board Association, p. 117.

26Ibid.
27Ibid., p. 125.
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cooling, lighting, ventilation, conveyance, business equipment
operation, and so on; nonenergized systems, such as floors,
ceilings, walls, roof, windows (glazing), etc., and; human
systems, comprising maintenance, operating and management
personnel.28
Components of energy conservation programs.

E. K. Robinson

found that successful energy conservation programs required commitment
and cooperation from the staff and followed the basic steps:
1. Top level backing.
2. Positive thinking.
3. Goal setting.
4. Data collection.
5. Education program for everyone.
6. Reduction in energy reflected in the budget.
7. Accurate energy metering in different departments.
8. Accurate energy inventory.
2

9. Enthusiastic dissemination of energy conservation results.
According to the Federal Energy Administration, initial
management efforts in establishing an energy conservation program
should include determining what is to be done, determining what must
be done to effect change, determining the amount of time involved,
determining when objectives must be completed, and preparing a master
schedule. ^

28

Total Energy Management: A Practical Handbook on Energy
Conservation and Management, (Washington, D. C.: Federal Energy
Administration FEA 210-801/223, March, 1976), p. 3.
29

E. K. Robinson , "Proven Ways To Save Energy In Industrial
Plants," Energy Management Seminar Handbook, (Knoxville:
The University
of Tennessee Center of Industrial Services, 1977), p. 58.
30

Total Energy Management, p. 39.
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One source predicted that the United States will consume more
energy in the next twenty-five years than it has in its entire history.
This projected increase coupled with anticipated shortages left no
uncertainity about the position that must be assumed by everyone.-^1
Energy conservation, which is an interdisciplinary, interdepartmental
concern and responsibility is everybody's business.
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PROCEDURAL GUIDELINES FOR ENERGY CONSERVATION

Conservation of resources proved a necessary policy if
societal lifestyles are to continue in existing patterns.

Implemented

procedural guidelines for energy conservation held one answer among
many that would provide a holding pattern until new resources are
operational.

The review of literature and interviews revealed several

procedural energy conservation opportunities.

Insulation
Insulation was cited as a major source of improving energy
conservation.
Heat loss paths.

Major heat loss paths were listed as ceilings

and roofs, doors and windows, walls, floors, and air exchange.33
Research showed that inadequate ceilings and roofs were a major source
of heat loss.

This was found to be expecially true in one-story,

31 "It's Everybody's Business," The Locomotive, XL, No. 6{n.cQl23.
^ Tennessee School Boards Association, p. 117.
^ R o b e r t Trice and Cecil D. Wheary, The Why, What & How of Home
Insulation, (Blacksburg, Va.,: Farm and Home Electrification Council, Jn.d"3),
p. 1.
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flat-roof buildings.

34

Inadequate insulation was reported to be the

major culprit in heating/cooling waste.

Estimates released by the

National Bureau of Standards showed that forty percent of the energy
consumed was wasted .^
Area heat loss percentages in uninsulated structures were
listed as ceiling area, forty-five percent;
percent;

floor area, twenty

window and door areas, twelve percent;

twelve percent;

outside wall areas,

and infiltration areas, eleven percent.

36

Structures

with full insulation cut heating costs by half and cooling costs by
one third as compared with structures with no insulation.

37

With good

insulation, the total energy needs of the United States would be
substantially reduced.

38

Research indicated that nothing pays off so

fast in energy saving as insulation.
The difference between inadequate and proper insulation
in a temperate climate can amount to 40 percent of your fuel
bill.39

Q/
"Owens-Corning Is Fiberglas," Architectural Record,
October, 1977, p. 79.
^Derven, p. 9.
36

Tennessee Valley Authority, Installing Home Insulation:
Handyman's Guide, (Tennessee Valley Authority, Division of Power
Utilization, C/7799/SAV), p. 2.
37

A

Tennessee Valley Authority, Electric Savings: A Collection
of Significant and Practical Ways to Help You Lower Your Electric Bill,
(Tennessee Valley Authority, Division of Power Utilization, C/7799/SAV),
p. 2.
"^Wallace, p. xi.
39

Carr, p. 231.

Derven supported research with the following:
Investing in insulation pays for itself heating season
after heating season. A homeowner who invests in the minimum
6 inches, spending between $1.00 and $200 will S8ve about
$100 to $200 the first year.
But over the next ten heating
seasons the savings will mount to between $1000 and $ 2 0 0 0 . ™
Benefits.

The key ingredient to big energy and dollar savings

was found to be insulation.

Wheary and Trice listed the benefits of

insulation as:
1. Reduced cost.
2. Reduced condensation.
3. Reduced equipment costs.^1
R-values.

Density, weight, and other factors determined the

ability of insulation to slow the transfer of heat.
of these factors was measured in resistance or R

The effectiveness

value.^

Six inches

of g>od thermal insulation was recommended for most conditions as a
minimum standard, and the importance of sidewall and underfloor
insulation was stressed.^3

R-values recommended were at least R-19

insulation under roof areas, R-11 under floor areas and R-11 on outside
wall areas.

Also suggested was that if only one area can be insulated,

then the roof area should receive first priority since it provides a
direct route for energy loss.^k

^°Derven, p. 9.
Wheary and Trice, p. 1.
)9
Installing Home Insulation, p. 3.
^ Consumer Circuit.
October-November, 1977)•

(Kingsport, Tennessee: Kingsport Power Co.,

^ Electric Savings, p. 2.
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The Department of Housing and Urban Development (HUD)
recommended R-19 insulation for ceiling areas, R-11 for outside wall
areas, and R-7 for floor areas.
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Doors and Windows
The Lever House, built in Manhattan in 1952, was an unfortunate
example of how architecture can go one hundred percent wrong.

This pri

marily glass building started a trend that caused unnecessary energy
loss.

46

Avoidance of excessive use of glass was recommended since glass

has the highest heat loss and heat gain per square foot.

47

Even though

many constructions were inefficient due to window and door areas, some
possibilities for improving inefficiency were suggested.
the U. S. Energy Research and Development Administration

Estimates from
(ERDA) were

that energy costs could be cut fifteen percent with storm doors.

48

Consumer Circuit contained the following advice for energy
efficiency:
The installation
cut in half the heat
If storm windows are
and cost by using an
to window frames.49

of storm windows or insulating glass will
that is needlessly lost through the windows...
not appropriate, you can still save energy
inexpensive clear plastic that can be taped

45

Tennessee Valley Authority, Insulate: For Savings and
Comfort, (Tennessee Valley Authority, Division of Power Utilization,
E/7774/Gud), p. 4.
46

Carr, p. 238.

47

Insulation Recommendations for Houses, (Kingsport, Tennessee:
Kingsport Power Co.), p. 14.
^ J o h n Fowler, Energy Conservation: Homes and Buildings, (Oak
Ridge, Tennessee:
ERDA Factsheet #9, GPO 917-333), p. 2.
49

Consumer Circuit, p. 2.
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Another efficiency possibility provided by storm windows was to
eliminate moisture condensation on the inside of glass, which can rot
wood, window sills, and framing.

Other benefits of storm doors and

windows were that they pay for themselves in several years, eliminate
most of the drafts, and help keep windows from sweating in very cold
weather.
Storm doors, windows and insulating glass help conserve
energy because they reduce the heat that should be lost through
the glass area of single pane windows.
Further benefits in
terms of comfort and a reduction of cold from drafts are
inherent.
Storm doors and windows are also effective in
reducing heat gain in summer, thereby reducing the load on
air conditioning e q u i p m e n t . 52
The infiltration of unwanted air in structures presented a
serious problem.
Unwanted outside air infiltrates into a building through
inadvertent openings in the building envelope, open doors, etc,
Since outdoor air, regardless of source, must be heated or cooled
(and sometimes humidified and/or dehumidified), infiltration
imposes a significant load on the heating and cooling system,
increasing total energy consumption.
The problem of infiltration
is appreciably worse in tall buildings, which usually must contend
with "stack effect." This occurs because of the difference in
density between warm indoor air and cold outdoor air. As indoor
air is heated it becomes lighter and tends to rise, eventually
leaving the building through upper floors.
The hot air is
replaced by a continual flow of cold air entering the building
through any available opening.
The upflow of air increases
with the height of the structure,53

“^ I n s u l a t e , p. 10.
^ Installing Home Insulation, p. 14.
52

Insulating Doors & Windows (Sears, Roebuck and Co., March,
1975, RF 64-99604), p. 2.
53

Total Energy Management, p . 16.
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Double windows were found to be fairly effective if they were
not so large that they allowed heat and cold transfer by convection.

54

Double windows kept the temperature near the floor three degrees
warmer, and double-glaze windows reduced energy loss by fifty percent
while triple-glaze windows reduced energy loss by sixty-five percent.
Economical infiltration corrections included caulking and
weatherstripping inefficient areas.
mated at ten percent or more.

56

Savings in this area were esti-

Other procedural guidelines for

windows and doors included:
1. Replacement of broken or cracked window panes and worn
weatherstripping and caulking.
2. Installation of necessary weatherstripping and caulking.
3. Rehanging misaligned windows and doors.
4. Consideration of posting a small sign next to operable
windows and doors instructing occupants not to open while building is
being heated or cooled.
5. Inspection of all automatic door closers to ensure proper
functioning.
6. Establishment of rules for building personnel regarding
opening and closing of doors.
7. Consideration of installation of automatic door closers on
all doors leading to exterior or unconditioned spaces .^

5^Carr, p. 225.
’ y

55„,
Derven, pp. 24-25.

~^ T i p s , p. 13.
~^Total Energy Management, p. 13.
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Ventilation
Adequate ventilation was found to be vital in protecting
against excessive moisture.

The recommendation that attics should be

vented at the eaves and gables or top of roof in order to provide
adequate airflow was made.
buildings with crawl spaces.

Also recommended were foundation vents for
58

In addition, ground covers of 4-mil

thickness or 55-pound roll roofing were recommended.

So that air

would flow in one vent and out the other, a minimum of two vents was
recommended for crawl spaces.

59

Derven indicated that good ventilation

is one of the few ways to deal with heat and moisture problems and that
good ventilation can contribute to lower energy bills.
damage may be prevented by good ventilation.

Also, structural

60

Fowler cautioned against over ventilation:
...there is over ventilation of a more or less deliberate
type.
Quite often the entire building is ventilated to the
same level as is required in special areas such as hathrooms,
kitchens, and conference rooms.
It is estimated that reduction
of excess ventilation alone could reduce fuel needs by 15 percent
or so.61
Since good ventilation had a significant impact on a building's
total energy consumption, the U. S. Department of Commerce developed the
following procedural guidelines:
1, Limit outdoor air to the minimum required to balance
the exhaust requirements and maintain a slight positive pressure
to retard infiltration-caused heat losses and heat gains.

58
59

Insulate, p. 10.
Ibid., pp. 10-11.

^^Derven, p. 50.
^Fowler, p. 2.

28
2. Inspect all outside air dampers.
They should be as
airtight as possible when closed.
Check operation of position
indicators for accuracy.
Install, repair, or replace position
indicators as needed.
3. Reduce or eliminate the need for using outdoor air for
odor control by installing chemical or activated charcoal odorabsorbing devices.
4. Inspect filters carefully.
If necessary, create a filter
replacement schedule.
Utilize high-efficiency, low-cost filters.
5. Reduce exhaust air quantities as practical.
6. Close outdoor air dampers during the first and last hour
of occupancy when the air must be heated or cooled.
7. Establish a ventilation operation schedule so exhaust
system operates only when it is needed most.
8. Use exhaust hoods in food preparation areas only while
cooking operations are underway.
Add control dampers or gravity
damper to keep the air path in the exhaust duct closed when fan
is not operating.
9. If a food preparation area exhaust hood is oversized,
adjust it so no more air than necessary is exhausted.
This can
be done easily by blocking off a portion of the hood, or reducing
fan speed, or lowering hood, or by utilizing a combination of
these techniques in compliance with applicable health regulations.
10. Consider cutting off direct outdoor air supply to toilet
rooms and other potentially "odorous" areas.
Permit air from
other areas to migrate into such areas through door grilles and
be exhausted.
11. If possible, concentrate smoking areas together so they can
be served by one exhaust system.
12. Consider adding controls to shut down the ventilation
system whenever the building is closed for an extended period of
time, as during the evening, weekends, etc., except when the
economizer cycle is in use.
13. Reduce volume of toilet exhausts in buildings which have
multiple toilet exhaust fans having a total fan capacity in excess
of outside air requirements.
This can be done by wiring a fan
interlock into toilet room lights through a timed relay, so the
fan is activated only when lights are on. An administrative
request plus signs to the effect that lights should be turned off
when the room is not in use will help ensure that lights (and thus
the fan) are off when the room is not being used. Another method
involves dampering down air volume so only that amount of air
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required by code is removed.
14. If a large occupant load is involved, consider installing
remotely adjustable outside air dampers.
These permit outside
air volume to be adjusted in approximate proportion to current
occupancy.
15. Install baffles to gjevent wind from blowing directly
into an outdoor air intake.

Heating and Cooling

The greatest energy miser was found to be the heating and
cooling units.

Typically, during the period of a year, these units

used the largest single block of energy;

unfortunately, most units

were designed with initial costs in mind and energy efficiency was
seldom a design criterion.

Ways in which heating and cooling systems

can be made more efficient were categorized as:
1. Operating practices modification
2. Maintenance modifications
3. Systems modifications
4. Control adjustment and modifications
, „ _
63
5. Heat recovery.
Operating practices.

Even though the benefits provided by

improved operational practices were found to be minimal, several
guidelines for effective change were listed:
1.
Reduce use of heating and cooling systems in spaces which
are used infrequently or only for short periods of time.

62

Total Energy Management, p. 17.

63Ibid., pp. 19-20.
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2. Heat ... building to 68°F when occupied, to 60°F when
unoccupied.
3. Preheat building so that it achieves 65°F by the time
occupants arrive.
Complete warm-up during the first hour of
occupancy.
Lighting, people and use of equipment will aid in
warm up.
4. Turn heat off during last hour of occupancy.
5. Cool ... building to 78°F when occupied.
mechanical cooling when unoccupied... .

Do not use

6. Begin precooling operations so the building is 5° below
outside air temperature, or 80 F, whichever is higher, by the time
occupants arrive.
Complete cool-down during the first hour of
occupancy.
7. Isolate storage room areas...
60 F or lower in winter.

.

Maintain storage areas at

8. Shut off all heating in garages, docks and platform areas.
9. Consider closing outside air dampers during the first and
last hours of occupancy and during peak loads.
10. During cooling season evening and night hours, flush the
building with cooler outdoor air.
11. Allow natural humidity variations from 20% R.H. to 50% R.H.
in occupied spaces.
12. When appropriate, consider closing supply registers and
and radiators and reducing thermostat settings or turning off the
electric heaters in lobbies, corridors and vestibules.
13. Where sill height electric heaters, are used, adjust thermo
stat so heat provided is just sufficient to prevent cold down
drafts from reaching the floor.
14. Turn off humidifiers whenever the building is closed for
extended periods of time, except when process or equipment
requirements take precedence.
15. Curtail humidification for areas such as hallways, equipment
rooms, lobbies, laundry areas, and similar spaces.
16. Turn off portahle electric heaters and portable fans when
not needed or during unoccupied periods,
17. Turn on self-contained units, such as window and through-thewall units, only when needed.
Turn them off when the space is to
be unoccupied for several hours.
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18. In mild weather, lower the cooling effect by running
room cooling fans at lower speeds.
19. Turn off all noncritical exhaust fans.
20. Turn off reheat in all areas during summer, except where
equipment requirements necessitate humidity control.
21. When the sun is not shining during the heating season,
close interior shading devices to reduce radiation from body to
cold window surfaces.
22. Develop an after-hours equipment operation checklist for
use by custodial and other building personnel as well as occupants
who may use various spaces after normal periods of occupancy.
23. Schedule operating and maintenance work during the daytime,
if possible.
24. Wear heavier clothing during the heating season and
lighter clothing during the cooling season.
25. Reduce internal heat generation as much as possible during
the cooling season.
Typical sources of heat generation include
lighting, people, machines, cooking equipment, e t c . 64
In addition to the above suggestions, the following tips for
energy efficiency were made:
1. Close doors to unused rooms and use low heat or no heat in
them.
2. Install storm doors and windows to reduce heat loss, or use
plastic storm window kits.
3. Keep central system air filters clean.
4. Keep outside doors closed.
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The Tennessee School Boards Association included checklists for
improving heating and cooling efficiency in the 1977 handbook.
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Electric Savings, p. 3.
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Maintenance.

The importance of good maintenance was emphasized

because effective maintenance ensures efficient operation of equipment
and prolongs the usuable life of the equipment.

66

One source suggested

that the only way to determine the efficiency of equipment is to have
qualified persons test and balance the system according to the American
Society of Heating, Refrigerating and Air-conditioning Engineers
standards, often referred to as ASHRAE standards .^
Control.

Derven advised that juggling thermostats caused

discomfort as well as increased energy costs.

He said that the key to

overall management of the heating/cooling system is the thermostat, and
suggested the following energy saving tips:
1. Keep heat producing items at least three feet from thermostat
2. Keep thermostat draft free
3. Don't juggle thermostat
4. Shut off unused rooms
5. Don't block heating/cooling units.

68

Other control factors included:
1. Adjusting controls at time of testing
2. Correcting improper operations
3. Relocation of improperly positioned thermostats
4. Installation of key-lock plastic covers over controls
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Total Energy Management, p. 20.

^Ibid., p. 25.
68

in
Derven, p. 11.
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5. Installation of morning-start-up and holiday/night setback
controls
6. Installation of photocells and automatic timers
7. Installation of automatic doorclosers.

69

Heat losses depended on the temperature difference across the
thermal barrier.

The hotter the inside, the easier it was to lose

heat to the outside in wintertime, and the cooler the inside, the
easier it was to gain heat from the outside in the summertime.
Correct thermostat adjustments resulted in considerable energy
savings.70
In a study completed in Memphis, Tennessee, the most frequently
utilized methods of heating energy conservation were
1. Reduce building temperature during holiday periods
2. Place stronger emphasis on proper maintenance of heating
equipment
3. Reduced building temperature.
In the same study, four energy-saving methods were rated by
the schools as highly successful;
1. Reduced building temperature during holiday periods
2. Switch to night heating cycle before school closes for the
day
3. Schedule custodial care during the day instead of night

69

Total Energy Management, p. 28-29.

■^Fowler, p. 3.

4.

Place stronger emphasis on proper maintenance of heating

equipment.^
Studies showed that for each degree of cooling set below the
comfort level on the thermostat an increase of about five percent in

j 73
energy costs was registered.

Lighting
The major wasteful use of lighting was found to be in commercial
buildings, offices, schools, and hospitals.

For unsound reasons,

suggested illumination levels recommended by the Illuminating
Engineering Society were increased over the years until most lighting
levels registered about twenty footcandles of illumination over the
recommended l evels.^
Thus "no contrast" lighting has resulted in buildings in
which all space, not just working space, is brightly lit and this
includes walkways and even space near windows for which daylight
would suffice.
Estimates of possible savings in electrical
energy used for lighting in new buildings ranged upwards to 50
percent.
A more realistic target of 25 percent in new buildings
and 15 percent in existing buildings would reduce electrical
demand by 4 percent (which is twice the rise in demand measured
between 1974 and 1975).73

Ibid.
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Central Air Conditioner Owner*s Guide, (Sears, Roebuck and
Company, No. F 642-19074), p. 5.
^Fowler, pp. 3-4.
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Since lighting consumes a large block of energy, the FEA
released guidelines for indoor commercial and industrial lighting to
encourage efficient lighting practices.

These guidelines were for

office buildings, administrative spaces, retail establishments,
schools and warehouses.
During working hours, illumination levels should be reduced
to 50 footcandles at occupied work stations, 30 footcandles in
work areas, and less than 10 footcandles in areas that are
seldom occupied or which have minimal visual requirements
such as hallways and corridors. Where needed, because of the
difficult nature of a specific task, non-uniform supplemental
lighting may be provided for the task duration not'to exceed
levels indicated,,. , Individual switches should be provided
to permit maximum control over both standard and supplemental
lighting when not needed.
Lights should be switched off whenever
daylight can be used,76
Of all energy wastes, lighting was the easiest waste to spot.
Reducing wattage did not automatically result in savings.

Lumens were

the real measure of the amount of brightness or light emitted by
bulbs.77
The U.S. Department of Commerce issued the following warning:
While conservation of energy is important, it must be
achieved in a manner consistent with other requirements,
including those of productivity and visual comfort; aesthetic;
federal, state and local codes and ordinances... .78

"Lighting & Thermal Operations Guidelines: Energy Management
Action Program," Energy Management Seminar Handbook, (Knoxville: The
University of Tennessee Center of Industrial Services, 1977), pp. 1-2.
^Derven, pp. 61-62.
78

Total Energy Management, p. 30.
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Even though fluorescent lighting provided the cheapest
source of lumens, incandescent lighting provided the closest amount of
control.
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A checklist for lighting efficiency included:

1. Making use of room decor to enhance lighting efficiency
2. Automatic shut off
3. Photoelectric cells on outdoor lights
4. No lights in empty rooms
5.

Fluorescent lights left on unlessshut off is for more

than fifteen minutes
6. Three-way bulbs and dimmer

switches

7. Dusting light fixtures and

bulbs

8. Knowing correct amount of light.
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Other procedural guidelines for lighting efficiency included:
1.
Lamp efficiency deteriorates overthe life of a lamp
Light output should be checked regularly with a calibrated light
meter by maintenance personnel.
When the light output of a
group of lamps has fallen to approximately 70% of the original
output, relamp all fixtures in the group at the same time.
This is also a good time to check whether a more efficient or
lower wattage lamp is suitable.
2. Lamps should be wiped clean at regular intervals to
assure maximum efficiency.
Lamps which areexposed to an
atmosphere
with substantial amounts of dirt, dust, grease orother contami
nants should be cleaned more frequently than lamps in a relatively
clean atmosphere.
3. Luminaire efficiency can be maintained by properly
cleaning the reflecting surfaces and shielding media. Replace
lens shielding that has yellowed or become hazy with a clear
acrylic lens with good no yellowing properties.
For some
applications, a clear glass lens can be considered if it is
compatible with the luminaire and does not present a safety
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Derven, p. 62.

^Ibid., pp. 63-64.
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hazard.
(Caution should be used to assure that an existing
luminaire will safely support and hold the glass lens.)
4. Clean ceilings, walls and floors frequently to improve
reflective qualities.
When daylight is used, wash windows
frequently to maintain illumination levels on tasks which
require some natural illumination.
5. Consider replacing present lamps with those of lower
wattage which provide the same amount of illumination... .
6. Remove unnecessary lamps if removal will still enable
provision of illumination levels required... .
7. Select lamps which are the most efficient ... and which
are compatible with the application... .
8. When natural light is available in a building, consider
the use of photocell switching to turn off banks of lighting
in areas where the natural light is sufficient for the task.
9. Use photocell and/or time clock controls for outdoor
lighting whenever feasible.
Parking areas, building exteriors,
identification signs, etc., usually require lighting for only a
part of the period of darkness.
Such lighting should be turned
off automatically during late evening and early morning hours
except for security and safety lighting.
10. Use time controls for those areas of a building which
are used infrequently and only for brief periods.
These controls
turn off lights automatically after being activated for a set
period of time.
11. Use alternate switching or dimmer controls when spaces are
used for multiple purposes and require different amounts of
illumination for the various activities.
It is possible to
provide multiple levels by providing switching for alternate
fixtures, alternate sets of lamps in fluorescent fixtures, etc.
Dimmer controls can be effective when it is is impractical to
use selective switching to obtain multiple lighting levels.
This is especially true (and relatively low in cost) when
incandescent lighting is i n v o l v e d . 81

Appliances and Equipment
Though minor users of energy, small equipment provided

81

Total Energy Management, pp. 31-33.
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possible savings through proper procedures.

The following tips for

efficient appliance usage were suggested:
Water heating.

1. Three-and-one-half inch insulation

2. Thermostats set at 150 degrees or lower
3. Run dishwasher on full load only when possible
4. Wash only full loads of clothes
5. Insulate hot water pipes
6. Repair leaky faucets
7. Where possible, place water heater nearest the point of
greatest water use.
Refrigerator/freezer.

1. Thermostat set at thirty-six to

forty degrees, the freezer no colder than zero
2. Defrost, if necessary, before frost Is one-quarter inch
thick
3. Open doors as seldom as possible, then close quickly.
Range.

1. Use pans that fit heating elements

2. Avoid opening oven door until food is cooked
3. Turn heat to "Low" after food begins to boil
4. Cover pots and pans with tight-fitting lids.
Dryer.

1. Dry only full Ipads

2. Clean lint screen after each load
3. Stop dryer when clothes are dry enough.
Television.
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Never let it play to an empty room.

Electric Savings, pp. 3-8.
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Microwave.
conservation.

The microwave added a new dimension to energy

The microwave was found to expend less energy in

preparation of the same foods which offers new opportunities for
energy conservation in the future.

83

Using appliances that require the least amount of energy,
keeping appliances in good working order, not letting sediment build
up in the bottom of water heaters, using cold water rather than hot
whenever possible, and installing aerators on sink faucets were cited
as major controls for small appliances.84

Water Conservation
In addition tp water conservation tips listed in previous
sections, the following energy saving ideas were suggested;
1. Flow restrictors. Water flow reducers can be installed in
faucets to restrict the flow of water from two-thirds to threequarters. Water-saving showerheads with flow reducers can save
five gallons of water per minute.
Tests indicate most ordinary
functions ... require less water than people actually use. Watersaving devices fit into the toilet tank to restrict the amount of
water used each time the toilet is flushed.
The standard toilet
used 6 gallons per flush. Water savers can reduce flow to 3.5
gallons per flush.
Recent laws in California make it mandatory
on new construction after 1978 to use water saving toilets.^
2. Faucets. A leaking faucet can waste as much as 50 gallons
of water a month ... replace washers promptly, or if need be,
replace the entire faucet a s s e m b l e . 86

83

"Demonstrate Energy Savings To Customers," Building
Supply News, September, 1977, p. 5.
84
85

Tips, pp. 21-30.
"Demonstrate Energy Savings," p. 5.
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Additional suggestions made by the U. S. Department of
Commerce were
1. Inspect water supply system and repair all leaks, including
those at the faucets.
2. Inspect and test hot water controls to determine if they
are working properly.
If not, either regulate, repair or replace.
3. Reduce generating and storage temperature levels to the
minimum required for washing hands, usually about 90 F to 100 F.
4. Disconnect all refrigerated water fountains if acceptable
to building occupants.
5. Discontinue sterilization of drinking water where possible
and practical.87

Landscaping
Landscaping for thermal comfort was practiced prior to
inexpensive energy sources.

After modern technology made heating and

cooling efficient and economical, landscape design took on an
aesthetic appearance.

With the increase in cost of energy came a new

interest in landscape design as a contributor to energy efficiency.
Deciduous trees were seen as sun screens in summer and as sun filters
in winter.

88

Evergreen trees were found to form windbreaks, if planted

appropriately, which slow the rate at which winter winds take heat from
structures,

89

Carr stated that the more plants around a structure, the

better since the evaporation from the plants provides a cooling
effect along the structure perimeter.

87

90

Total Energy Management, p. 29.

88Tips, p. 36.
89Carr, p. 231.

9°Ibid.
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Maintenance
The importance of maintenance was stressed as an economical
approach to energy conservation.

Proper maintenance was found to

increase the efficiency of the equipment and to prolong the life of
the equipment.
It seems axiomatic that expenditures for maintenance
accomplish both purposes.
Such expenditures make possible a
cleaner, healthier, safer school environment, and purchase
additional years of usefulness, thus prolonging the interval
between replacement dates.91

Training
The Tennessee School Boards Association advised that administra
tive commitment to an energy conservation program is necessary.
commitment served two purposes.

This

First, it encouraged support of the

program, and second, it informed participants about the direction of
the program.

The Association suggested that an energy conservation

team be selected by local school boards and that everyone affected by
the program be informed of actions.

The Associations' handbook for

1977 included guidelines for establishing and organizing an energy
team.

The Association specified that inservice training would be a

vital part of the responsibility of the energy team and that this
training should reach all members of the staff.

The Association also

suggested that a public relations committee be an important task force
that relays information to the community.

The Association emphasized

that knowledge of what should be done, with positive action would
result in improved efficiency and contribute to energy conservation.

91

Tennessee School Boards Association Handbook, p. 123.
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The Association affirmed that all staff members, not just some,
should be aware of energy conservation opportunities.

92

The U. S. Department of Commerce endorsed the following steps
in implementing an energy conservation program:
1. First, determine what specifically is to be done to
effect energy conservation.
This includes allocation of
resources (manpower, money,etc.,), development of policies
and procedures to be followed, assignment of specific accountable
responsibilities, obtaining cooperation of operating personnel and
tenants, determining what changes need to be made to operating
and maintenance procedures and schedules, noting which equipment
is to be repaired, adjusted or replaced, and so on.
2. Determine precisely what must be done to effect change,
in terms of meetings, hiring additional personnel, ordering
materials.
3. Determine the approximate amount of time.
4. Determine when certain objectives must be completed.
5. Prepare a master schedule.
6. Assign competent personnel to various functions.

93

The responsibilities of an energy conservation committee were
listed as:
1. Assess progress and pinpoint areas needing further study
2. Promote and maintain the interest
3. Evaluate effectiveness
4. Provide a sounding board for suggestions
5. Improve the cooperative spirit

92Ihid., pp. 117-125.
93

Total Energy Management, p. 39.
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6. Manifest willingness as a leader to conserve energy
7. Revise or add to energy conservation program.

94

Energy Audit
Fred Symonds and William Snyder stressed the importance of the
energy audit which provides a reliable data base for an energy manage
ment program.
The basic concept of an energy audit is quite simple.
It
involves an analysis of a facility to determine the forms of
energy used, the quantities and costs of various forms of energy
used, the purposes for which the energy is being used, and the
identification of energy conservation opportunities.
The energy
audit is the most important element of a successful energy
management program.95
Symonds and Snyder described the billing audit as providing
historical data base of information such as historical energy con
sumption,

The major source for achieving this information was

provided by utility bills which reveal total energy consumed, energy
cost, rate of energy use, demand charge, and billing period.

They

described the field audit as a facility walk-through audit, and the
purposes of this audit were to gather information about energy
Consumption in the facility.

After gathering pertinent information,

energy conservation opportunities

(ECO'S) were established,

96

94

Hira L. Baisya,. "Industry Efforts In Energy Conservation,"
October, 1975, Energy Management Seminar Handbook, (Knoxville:
The
University of Tennessee Center of Industrial Services, 1977), p. 1.
95

"Making and Using an Energy Audit," Energy Management
Seminar Handbook, (Knoxville:
The University of Tennessee Center of
Industrial Services, 1977), p. 1.
96

Ibid., pp. 2-3
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Snyder described ECO’S as falling into three categories:
1. Procedural ECO'S which involve housekeeping and maintenance
type actions with little or no cost involved.
2. Equipment modification, addition, or replacement ECO'S which
can be implemented using available "off the shelf" hardware and
technology with a capital expenditure involved.
3. Research and development ECO'S which not only involve
capital expenditure hut also involve research and development
activities.97
Snyder suggested that a convenient format for writing up each
ECO would include the following items:
1. Identification of the ECO
2. Description of current practice
3. Observations
4. Proposed action
5. Anticipated savings
6. Investment analysis
98
7. Recommendations.
The Total Energy Management handbook suggested the following
considerations he made after an energy audit:
1. Determine energy inefficiencies and modifications
2. Determine if repair? adjustment or replacement is needed
3. Consider codes and other regulations
4. Utilize consultants
5. Establish costs and savings.

99

97Ibid., p. IQ
98T,. ,
Ihid,
99

Total Energy Management, p. 37,
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SUMMARY

Historical
Energy conservation became a necessity about the middle of the
twentieth century.

Inexpensive energy sources became less available

and more expensive.

Consumers, not sure of the actual crisis origin,

began economic conservation of energy resources.

Increased awareness

of the energy crisis led to corrective action.

Guidelines
Insulation.
energy conservation.

Insulation was cited as a major opportunity for
Areas for consideration included ceiling and roof,

doors and windows, walls, floors, and air exchange.

Benefits of

improved insulation were listed as reduction in energy costs and
equipment costs, and reduction in condensation.
for roof areas were R^IQ;

walls, R-ll;

Recommended R-values

and floors, R-7-^ll.

Storm

doors and windows were suggested for improving energy efficiency.
Ventilation.

Adequate ventilation was recommended for providing

moisture control, meeting exhaust requirements, and providing adequate
air intake.
Heating and cooling.
major energy misers.

Heating and cooling were found to be the

Efficient operating procedures were discussed,

and the proper maintenance of units was emphasized.
Lighting.

The major waste of energy was found to be lighting.

Guidelines for efficient use of lighting were discussed.
Appliances and equipment.

Even though appliances and equipment

used minor portions of the energy block, guidelines for more efficient
use of water heaters, refrigerators/freezers, ranges, dryers,
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television, clothes washers and dishwashers were included.

Microwaves

as a future energy conserver were discussed.
Water conservation.

In addition to previous water savings,

flow restrictors and repair or replacement of faulty faucets were
suggested.

Procedural guidelines endorsed by the U. S. Department of

Commerce were included.
Landscaping.

Shading techniques and windbreaks provided by

evergreens were discussed as contributing to energy conservation.
Maintenance.

The importance of maintenance as an energy

conservation technique was stressed.

Without proper maintenance

equipment proved inefficient and not economical.
Training. The importance of training all staff members in
energy conservation was discussed with emphasis placed on knowledge
dissemination to the entire community and on total commitment of top
level administrators.

Establishing energy committees and responsibili

ties of the committees were discussed,
Energy audit.

The energy audit was acclaimed as necessary for

providing the data base for intelligent energy conservation and
management,

The hilling and field audits were discussed.

Three types

of energy conservation opportunities (ECO'S) were defined and a
format for analyzing ECO'S was. included.
tions that should follow an energy audit.

Also included were considera

Chapter 3

DEVELOPMENT AND DESIGN OF THE STUDY

This study was undertaken to
conservation practices in

determine

procedural

energy

a selected area, the Upper East Tennessee

Educational Cooperative district.

In order to determine these

practices, certain guideline elements were identified as vital to
energy conservation.

To insure the validity and reliability of the

guideline elements, a jury of experts in the field of energy
conservation was selected.
Discussion in this chapter will focus on:
1, Identifying the procedural guideline elements for energy
conservation in school facilities
2, Selection of the jury of experts in the energy conservation
field
3, Collection of data from the jury
4, Development of

the survey instrument

5, Description of the sample
6, Collection of data from the sample
7, Development of measures for analyses,

PROCEDURES FOR IDENTIFYING GUIDELINE ELEMENTS FOR
ENERGY CONSERVATION IN SCHOOL FACILITIES

Since current literature abounded with energy conservation
information, guideline elements selected for the study from the review
47
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of literature were confirmed through interviews with experts in the
field of energy conservation.

The guideline elements were abbreviated

terms that represented the different energy conservation opportunities
discussed in the review of literature and interviews.

Each guideline

element was listed on the rating sheet with a brief explanation.
A total of twenty-seven guideline elements were identified.

The

rating sheet (see Appendix A) included the rating code discussed under
"Procedures" in Chapter 1,

These rating sheets were then sent to a

panel of experts, the jury, for validation.

SELECTION OF THE JURY

The jury of eleven, which was arbitrarily selected, included:
1, An architect experienced in school design
2, A power company official with specific responsibility in
the energy conservation field
3, A development district executive experienced in energy
conservation programs on the state and national level
4,

A professor

ofschool plant planning anddesign

5,

A consultant in the area of school plant design

6, A professor with expertise in the environmental health area

7,

A professor

ofelectrical engineering

8,

A professor

ofmechanical engineering

9, An industrial executive responsible for energy conservation
IQ, An assistant superintendent of school plant planning in
a major city
11.

A state of Tennessee official with responsibility for

school plant planning.
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A list of potential jurors was compiled and rating sheets with
letters of explanation (see Appendix B) were mailed to each.

One-

hundred percent return was received within twenty-one days, and each
potential juror became a member of the panel.

COLLECTION AND TREATMENT OF THE DATA FROM THE JURY

As the jury responses were received, each was assigned a
number and data were recorded.

The mean score for each guideline

element was determined, and all responses receiving a mean score of
2.0 or better were selected for data usage.

Additional guideline

elements suggested by the jury were compiled and included separately
in the study.

Using the jury ratings, the guideline elements were

arrayed by significance.

Any guideline element receiving less than

2.0 mean was omitted from the list.
survey instrument.

From the array was developed the

(see Appendix C)

DEVELOPMENT OF THE SURVEY INSTRUMENT

Responses received from the jury rating sheets determined the
criteria for developing the survey instrument.

Using the arrayed

guideline elements, twenty-six survey statements were designed to
determine procedural energy conservation practices in the selected
area.

To insure retrieval of desired information, a statistician was

consulted.

The self-administered survey instrument was designed for

ease of answering a priority criterion.
or no.

Responses included only yes
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DESCRIPTION OF THE SAMPLE

The sample included the school systems in the Upper East
Tennessee Educational Cooperative district.

The selected area

consisted of thirteen school systems which included seven county school
systems and six city school systems comprising approximately one
hundred seventy-five schools.

The sample provided a heterogeneous

population of urban-suburhan and rural school systems.

COLLECTION AND TREATMENT OF DATA FROM THE SURVEY

Since the review of literature indicated that top level
commitment to energy conservation is necessary for successful programs,
the superintendents of the district were selected as respondents to
the survey.

The survey instruments were mailed to the superintendents

of the selected area and returns by mail were requested.

Respondents

were requested to list any element already implemented in their systems
that was not included on the survey.

Each system was randomly

assigned an alphabetical designation and data were recorded as
responses were received.

To insure one hundred percent response,

telephone calls were made to superintendents who were slow in
responding.

One hundred percent response was received.

The data were treated collectively with percentages recorded
for county and city adoption practices and individually with systems
arrayed according to an earned index score.

Statistical tests included

the Mann-Whitney U test, the Spearman Rank-Order correlation coefficient,
and the Chi Square test.
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DEVELOPMENT OF MEASURES FOR ANALYSIS

A scale of twenty-six energy conservation opportunities, the
survey instrument (see Appendix E), was used to measure the rate of
adoption of energy conservation practices within school systems in the
selected area.

The measure included practices confirmed as having some

significant contribution to energy conservation in school systems.
Using the mean score from the jury ratings of the guideline
elements, a school energy conservation index was developed to rate
systems on practices implemented,

(see Appendix C)

Each school system

was given credit for each practice already implemented or in the planning
stages.
The guideline elements were arrayed by percentage adoption.
(see Appendix C)

City-county divisions were recorded separately in

this analysis.
The systems were then ranked according to energy conservation
practices adopted.

The Mann-Whitney U test was employed to analyze

the difference between city and county adoption practices, the chi
square test was employed to analyze the difference between adoption
practices of minimal/no cost elements and cost-effective elements, and
the Spearman Rank-Order correlation coefficient was used to analyze
city-county adoption practices on the minimal/no cost elements and the
cost-effective elements.

RESEARCH QUESTIONS

The data analyses were reported around general research
questions.
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Research question
in energy conservation as
interviews?

number 1 . What are needed current practices
indicated by the review of literature and

This question was answered through a search of literature

and confirmed by experts in the field of energy conservation.

This

question was answered in Chapter 2 of the study.
Research question

number 2 . What energy conservation methods

arebeing practiced in the selected

area?

This question was answered

through the survey instrument.
Research question number 3 .

What are practical guidelines for

energy conservation in school facilities?

This question was answered

through a review of literature and through interviews with experts in
the field of energy conservation and was verified through the jury
ratings.

SUMMARY

The design of the study discussed in this chapter included
identifying guideline elements for energy conservation in school
facilities, selecting the jury, the collection and treatment of the
data from the jury, developing the survey instrument, describing the
sample, the collection and treatment of the data from the survey
instrument, developing measures for analysis, and reporting of
research questions.

Chapter 4

PRESENTATION AND ANALYSIS OF DATA

JURY DATA

Eleven responses, one hundred percent, were received from the
panel of jurors.

As the individual rating sheets were received, a

numerical designation was made for each and a compilation of all scores
was made.

A mean score for each guideline element was determined.

On

a scale of 1.0 to 5.0, the range of scores was 2.5 to 4.9, 4.9 being
the most desirable end of the range.

Insulation received the highest

score and triple windows received the lowest score.

No guideline

element fell below the 2,0 cut off point.
The guideline elements were arrayed by mean scores,
Appendix C)

Elements considered highly significant were

1. Insulation
2. Administrative commitment
3. Roof and ceiling insulation
4. Maintenance
5. Ventilation
6. Wall insulation
7. Correction of unwanted air infiltration
8. Weatherstripping and caulking
9. Night/holiday setback
10. Thermostat level on water heaters
53

(see

11. Training
12. Energy audit
13. Heating/cooling
14. Unconditioned zones
15. Automatic timers and photocells
16. Administrative policy
17. Floor insulation
18. Goals and objectives
19. Enlightenment
20. Lighting
Elements considered significant were
1. Double windows
2. Water conservation
3. Energy conservation committee
4. Storm doors or windows or plastic window kits
5. Landscaping
1

6. Room decor
The triple window guideline element was deemed to have some
significance, but the rating showed this element to contribute the least
to energy conservation of all the elements,

(see Table 1)

Other guideline elements and their suggested ratings listed by
the individual jurors were
1. Economic audit (rating 5).

Establish how much money can

be spent economically for various changes before committing study
money.
2. Energy conservation officer (rating 5).

Sole duties in

energy conservation - coordinate system activities through follow-up .
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Table 1
Rating Sheet Summary

Juror Number

1

2

3

4

5

6

7

8

9

10.

11

Insulation

5

5

5

5

4

5

5

5

5

5

5

54

4.9

Roof and Ceiling

5

5

5

5

4

5

5

5

5

4

4

52

4.7

Walls

5

5

5

4

4

5

5

5

5

4

3

50

4.5

Floors

5

4

5

4

3

5

5

4

5

4

2

46

4.2

Air Infiltration

4

4

5

5

4

5

5

5

5

5

3

50

4.5

Storm doors (kits)

5

3

3

4

3

2

5

4

5

3

2

39

3.5

Double windows

5

3

3

5

4

2

4

5

5

4

2

42

3.8

Triple windows

3

3

2

3

2

1

3

3

2

3

2

27

2.5

Weatherstripping

5

5

5

5

4

4

5

5

5

4

3

50

4.5

Ventilation

5

5

5

3

4

5

5

5

5

4

4

50

4.5

Heating/cooling

5

5

5

3

4

5

5

5

3

5

3

48

4.4

Unconditioned zones

5

3

4

5

5

2

5

5

5

5

4

48

4.4

Timers

5

2

4

3

5

5

4

5

4

5

5

47

4.3

Setback

5

5

4

4

5

1

5

5

5

5

5

49

4.5

Lighting

5

5

5

4

5

1

5

5

4

2

3

44

4,0

Room decor

5

3

3

4

4

1

3

3

3

2

2

33

3.0

Maintenance

5

5

5

5

4

5

5

5

5

5

3

52

4.7

Water conservation

5

4

5

3

4

4

4

4

3

4

2

42

3.8

Water temperature

5

4

5

5

4

5

5

5

4

4

3

49

4,5

Landscaping

3

4

3

3

4

4

4

4

4

3

2

38

3.5

Training

4

5

5

5

4

4

5

5

4

4

4

49

4.5

Total

Mean

Guideline Element
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Table 1 (continued)

1

2

3

4

5

6

7

8

9

10

11

Goals/Obj ectives

4

4

5

4

5

3

5

5

3

5

3

46

4.2

Enlightenment

4

4

5

4

4

4

4

5

3

5

3

45

4.1

Adm. Policy

4

5

5

5

5

5

4

5

3

4

2

47

4.3

Adm. Commitment

4

5

5

5

5

4

5

5

5

5

5

53

4.8

Energy Audit

4

5

5

2

4

5

5

5

5

4

5

49

4.5

Energy Committee

4

4

4

4

4

4

4

4

3

1

4

40

3.6

Juror Number

Total

Mean

Guideline Element
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3. Site orientation (rating 5).

Use of proper site planning

orientation (sun, prevailing wind)
4. Create staff, student and community awareness of energy
crisis (rating 5).

Get commitment to solve problem

5. Peak demand (rating 4).

Reduce electricity use during

peak demand periods
6. Class and activity scheduling (rating 4).
7. Close unused rooms or wings, disengage utilities (rating 5).
8. Set thermostats 68°F winter and 78°F summer

(rating 4).

SURVEY DATA

After the rating sheet summary was complete, the survey
instrument was developed.

Since no guideline element fell below the

2.0 cut off point, all elements were included in the instrument.

The

wording of each element was considered carefully to insure retrieval
of desired information.

At the suggestion of a statistician, who

reviewed the survey instrument, minor changes in wording were made.
The survey instrument (see Appendix E) contained twenty-six elements
and was designed for ease of self-administering.
response was requested.

Only a YES or NO

The superintendents were requested to include

any energy conservation practice adopted by their systems that was
not listed in the survey instrument.
The survey instrument was analyzed for energy conservation
practices adopted by school systems in the selected area, for index
score ratings for the school systems, for percentage of city-county
adoption practices, and for ranking of school systems by adoption
practices.
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Adopted Energy Conservation Practices
The survey instrument showed energy conservation practices
adopted by the school systems.

(see Table 2)

Of the twenty-six

guideline elements, the range of energy conservation practices
adopted was two to nineteen with only one county system reporting the
adoption of less than five energy conservation practices.

The average

energy conservation practices adopted by cities was 14.8 and the
average energy conservation practices adopted by counties was 10.3.
Only one system, a county system, reported an additional
guideline element which was the utilization of TVA consultants in
school plants with total electric systems.

Index Scores
Using the mean scores from the jury ratings as index scores,
total index scores were calculated for each system.

(see Table 3)

Out of a possible index score of 102.8, index scores ranged from 82.3
to 7,5.

City scores ranged from 82.3 to 24.4 and county scores

ranged from 72.2 to 7.5.
The index scores distinguished differences in level of
significance of adoption practices.

The mean score of the guideline

elements as determined by the jury ratings was 4.28, the city mean
score was 3.24, and the county mean score was 1.84.
The possible mean score for the cost effective elements was
4,29.

The city mean score was 2.80 and the county mean score was

1,74,

The possible mean score for the minimal or no cost elements

was 4.28.
was 1.89.

The city mean score was 2.59, and the county mean score

Table 2
Energy Conservation Practices Adopted by Systems
Systems

City

County

Totals

A

B

c

F

H

J

D

E

G

I

K

L

M

Insulation

1

0

1

1

0

0

0

0

0

0

0

Q

0

3

0

3

Air Infiltration

1

Q

1

1

0

1

0

0

0

0

0

1

1

4

2

6

Weatherstripping (Inspect.)

1

1

1

0

0

1

1

0

0

0

1

1

0

4

3

7

Weatherstripping (Maint.)

1

1

1

0

0

1

1

1

0

0

1

1

1

4

5

9

Ventilation

0

0

1

1

0

1

0

0

0

0

1

0

1

3

2

5

Heating/cooling

1

1

1

0

0

1

1

0

0

0

1

1

0

4

3

7

Unconditioned zones

1

1

1

1

1

1

0

1

1

0

1

1

1

6

5

11

Timers

1

1

0

1

1

1

0

1

1

0

0

0

1

5

3

8

Setback

1

1

1

1

1

1

1

1

1

1

1

1

1

6

7

13

Lighting

1

1

1

1

0

0

0

0

0

0

1

0

1

4

2

6

Room Decor

1

1

1

0

1

1

0

0

1

1

0

1

1

5

4

9

Maintenance

1

1

1

1

1

1

1

1

1

0

1

1

1

6

6

12

Water Conservation

0

0

0

1

0

1

1

0

0

0

0

0

0

2

1

3

Guideline Element

City

County

Grand

Table 2 (continued)

System

City

County

Totals

A

B

C

F

H

J

D

E

G

I

K

L

M

Landscaping

0

0

0

0

1

0

0

1

0

0

0

0

1

1

2

3

Training (all)

0

0

0

0

0

0

1

0

0

0

0

1

1

0

3

3

Training (some)

1

1

1

1

0

1

1

0

0

0

0

1

1

5

3

8

Written goals

0

0

0

0

0

1

0

1

0

0

0

1

0

1

2

3

Information Dissemination

1

1

1

1

0

1

1

0

0

0

1

1

1

5

4

9

Effective Dissemination

1

1

0

1

0

1

1

1

0

0

1

1

1

4

5

9

Philosophy

0

0

0

0

0

1

0

0

0

0

0

1

0

1

1

2

Adm. Commitment

1

1

1

1

0

1

1

0

0

0

0

1

1

5

3

8

Energy Audit

0

1

1

1

0

1

0

1

0

0

0

0

1

4

2

6

Energy Committee

1

1

1

0

0

0

0

1

0

0

0

1

1

3

3

6

Water Temperature

1

1

1

0

0

1

0

0

0

0

1

0

0

4

1

5

11 11

5

2 11 16 17

Guideline Element

TOTALS

17 16 17 14

0 = Practice not implemented
1 = Practice either implemented or planned

6 19

City

County

Grand

Table 3
Energy Conservation Index Scores
System

Guideline Element

City

A

B

County

C

F

H

J

D

G

E

I

K

L

M

Insulation

4.9

0

4.9

4.9

0

0

0

Q

0

0

0

0

0

Air Infiltration

4.5

0

4.5

4.5

Q

4.5

Q

0

0

0

0

4.5

4.5

Weatherstripping (Inspect,)

4.5

4,5

4.5

0

Q

4.5

4.5

0

0

0

0

4.5

4.5

Weatherstripping (Maint.)

4.5

4.5

4.5

0

0

4.5

4.5

Q

0

0

4.5

4.5

4.5

Ventilation

0

0

4.7

4.7

0

4.7

0

0

0

0

4.7

Q

4.7

Heating/cooling

4.4

4.4

4.4

0

0

4.4

4.4

0

0

0

4.4

4.4

0

Unconditioned zones

4.4

4.4

4.4

4.4

4.4

4.4

0

4.4

4.4

0

4.4

4.4

4.4

Timers

4.3

4,3

0

4.3

4.3

4.3

0

4.3

4.3

0

0

0

4.3

Setback

4,5

4,5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

Lighting

4.0

4.0

4.0

4.0

0

0

0

0

0

0

4.0

0

4.0

Room Decor

3.0

3.0

3.0

0

3.0

3.0

0

0

3.0

3.0

0

3.0

3.0

Maintenance

4,7

4,7

4.7

4.7

4.7

4.7

4.7

4.7

4.7

0

4.7

4.7

4.7

Water Conservation

0

0

0

3.8

0

3.8

3.8

0

0

0

0

0

Q

Table 3 (continued)

System

Guideline Element

City

A

B

C

County

F

H

J

D

E

G

I

K

L

M

Landscaping

0

0

0

0

3.5

0

0

3.5

0

0

0

0

3.5

Training (all)

0

0

0

0

0

0

4.5

0

0

0

0

4.5

4.5

Training (some)

4.5

4.5

4.5

4.5

0

4.5

4.5

0

0

0

0

4.5

4.5

Written Goals/objectives

0

0

0

0

0

4.2

0

4.2

0

0

0

4.2

0

Information Dissemination

4.1

4.1

4.1

4.1

0

4.1

4.1

0

0

0

4.1

4.1

4.1

Effective Dissemination

4.1

4.1

0

4.1

0

4.1

4.1

4.1

0

0

4.1

4.1

4.1

Philosophy

0

0

0

0

0

4.3

0

0

0

0

0

4.3

0

Adm. Commitment

4.8

4.8

4.8

4.8

0

4.8

4.8

0

0

0

0

4.8

4.8

Energy Audit

0

4.5

4.5

4.5

0

4.5

0

4.5

0

0

0

0

4.5

Energy Committee

3.6

3.6

3.6

0

0

0

0

3.6

0

0

0

3.6

3.6

Water Temperature

4.5

4.5

4.5

0

0

4.5

0

0

0

0

4.5

0

0

TOTALS
MEAN SCORES

73.3
3.05

68.4 74.1 61.8 24.4 82.3
2.85 3.09 2.58 1.02 3.43

48.4 42.3 20.9
2.02 1.76

.87

7. 5 48.4 68.7

72.2

•31 2.02 2.86 3.01

63
Percentage of City-County Adoption Practices
City adoption practices.

(see Table 4)

One hundred percent of

the city systems reported implementing the following practices:
1. Heating/cooling turned off in zones such as garages, docks,
loading platforms and unused areas
2. Use of night/holiday setback controls to conserve heating/
cooling or lighting energy during unoccupied intervals
3. Procedure to insure proper maintenance of all appliances
and equipment.
Eighty-three percent of the city systems reported procedures
for:
1. Use of room decor to enhance or improve lighting efficiency
2. Energy conservation training programs for some staff members
3. Effective dissemination of energy conservation information
4. Top level administrative commitment to energy conservation
5. Use of automatic timers or photocells to activate or
deactivate heating/cooling and lighting units.
Sixty-seven percent of the city systems reported procedures
for:
1. Correction of unwanted air infiltration
2. Weatherstripping and caulking inspection and repair
3. Efficient use of heating/cooling units
4. Procedure to determine lighting standards
5. Effective dissemination of energy conservation information
6. Either a completed energy audit or plans to conduct such
7. Thermostats on water heaters lowered to 150°F.

Fifty percent of the city systems reported:
1. Procedure to insure that insulation of buildings meets
the temperate zone standards
2. Procedure to insure adequate ventilation as determined by
an authority in the field
3. Energy conservation committee already appointed or plans
to establish energy conservation committee.
Thirty-three percent of the city systems reported the use of
flow restrictors on showerheads, in toilets and on faucets.
Seventeen percent of the city systems reported:
1. Planned landscaping that aids energy efficiency
2. Written goals and objectives for energy conservation
3. A written energy conservation philosophy of the system.
Not a single city system reported energy conservation training
for all staff members.
County adoption practices.

One hundred percent of the county

systems reported having adopted the use of night/holiday setback
controls to conserve heating/cooling or lighting energy during
unoccupied intervals.
Eighty-six percent of the county systems reported annual
inspection of all appliances and equipment and a procedure to insure
proper maintenance.
Seventy-one percent of the county systems reported:
1. Annual inspection of weatherstripping and caulking and
correction of inadequacies
2. Heating/cooling turned off in zones such as garages, docks,
loading platforms and unused areas
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3. Effective dissemination of energy conservation information.
Fifty-seven percent of the county systems reported:
1. Use of room decor to enhance or improve lighting efficiency
2. Means to disseminate information about energy conservation
to school population.
Forty-three percent of the county systems reported:

1. Annual inspection of weatherstripping and caulking
2. Written policies for efficient use of heating/cooling units
3. Use of automatic timers or photocells to activate or
deactivate heating/cooling and lighting units
4. Energy conservation training for all staff members
5. Energy conservation training programs for some staff
members
6. Top level administrative commitment to energy conservation
7. Energy conservation committee already appointed or plans
to establish energy conservation committee.
Twenty-nine percent of the county systems reported:

1. Procedure for correction of unwanted air infiltration
2. Procedure to insure adequate ventilation as determined
by an authority in the field
3. Procedure to determine lighting standards
4. Planned landscaping that aids energy efficiency
5. Written goals and objectives for energy conservation
6. Completed energy audit of system or plans to have an
energy audit.
Fourteen percent of the county systems reported:

1. Use of flow restrictors to conserve water

2. Written policy

of

energy conservation philosophy

3. Thermostats on

water heaters lowered to 150°F or lower.

Not a single county system reported a procedure to insure that
insulation of buildings meets the temperate zone standards.
Summary of adoption practices.

The summary of adoption

practices in the entire area showed that one hundred percent of the
systems reported the use of night/holiday setback controls to conserve
heating/cooling or lighting energy during unoccupied intervals.
Ninty-two percent
insure proper maintenance

of

the systems reported procedures to

of all appliances and equipment.

Eighty-five percent of the systems reported:
1.

Heating/cooling turned off in zones such as garages,

docks, loading platforms and unused areas.
Sixty-nine percent of the systems reported:
1. Procedure for repair of weatherstripping and caulking
2. Use of room decor to enhance or improve lighting efficiency
3. Means to disseminate information about energy conservation
4. Effective dissemination of energy conservation information.
Sixty-two percent of the systems reported:
1. Use of automatic timers or photocells to activate or
deactivate heating/cooling and lighting units
2. Energy conservation training programs for some staff
members
3. Top level administrative commitment to energy conservation.
Fifty-four percent of the systems reported:
1.

Annual inspection of weatherstripping and caulking and

correction of inadequacies
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2. Written policies for efficient use of heating/cooling units.
Forty-six percent of the systems reported:
1. Procedures to correct unwanted air infiltration
2. Procedures to determine lighting standards
3. Completed energy audit of system or plans to have an
energy audit conducted
4. Energy conservation committee already appointed or plans
to establish energy conservation committee.
Thirty-eight percent of the systems reported:
1. Thermostats on the water heaters lowered to 150°F or
lower
2. Procedure to insure adequate ventilation as determined
by an authority in the field.
Twenty-three percent of the systems reported:
1. Procedures to insure that insulation of buildings meets
temperate zone standards
2. Use of flow restrictors on showerheads, in toilets, and
on faucets
3. Planned landscaping that aids energy efficiency
4. Energy conservation training for some staff members
5. Written goals and objectives for energy efficiency
Fifteen percent of the systems reported written policies of
energy conservation philosophy of the system.
The survey instrument revealed that every guideline had been
implemented by at least one system in the selected area.

The city-

county adoption practices and system groupings were illustrated.
(see Figures 1, 2, and 3)
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Table 4
Percentage of City-County Adoption Practices
Guideline Element

City
No.

%

County
No.
%

Total
No.
%

Insulation

3

50

0

0

3

23

Air Infiltration

4

67

2

29

6

46

Weatherstripping (I)

4

67

3

43

7

54

Weatherstripping (M)

4

67

5

71

9

69

Ventilation

3

50

2

29

5

38

Heating/cooling

4

67

3

43

7

54

Unconditioned zones

6

100

5

71

11

85

Timers

5

83

3

43

8

62

Setback

6

100

7

100

13

100

Lighting

4

67

2

29

6

46

Room Decor

5

83

4

57

9

69

Maintenance

6

100

6

86

12

92

Water Conservation

2

33

1

14

3

23

Landscaping

1

17

2

29

3

23

Training (all)

0

0

3

43

3

23

Training (some)

5

83

3

43

8

62

Written Goals

1

17

2

29

3

23

Information Dissem.

5

83

4

57

9

69

Effective Dissemination

4

67

5

71

9

69

Philosophy

1

17

1

14

2

15

Adm. Commitment

5

83

3

43

8

62

Energy Audit

4

67

2

29

6

46

Energy Committee

3

50

3

43

6

46

Water Temperature

4

67

1

14

5

38

69

Insulation
Air Infiltration

m m

Weatherstripping (Inspection)

I

f

Weatherstripping (Maintenance)
Ventilation
Heating/cooling

V//////ZAA

Unconditioned Zones

VAWAWWM

Automatic Timers
Night/holiday Setback
Lighting
Room Decor
Maintenance
Water Conservation

mm

Landscaping
Training (all)
Training (some)

v/mm

r

mm

Written Goals

i—

City

20

'/////////Avow*

i—

i—

4Q
60
Percent

Figure 1
Percentage of City-County Adoption Practices

i—
80

i
100

70

Information Dissemination
Effective Dissemination
Written Philosophy of System
Administrative Commitment
Energy Audit

'//////A

Energy Committee
Water Temperature

m
a

—

lo

S

2o 3o

Percent

i

1 City

ty////////A

County

Figure 1 (continued)

100

71

100

Percent

80

40 —

Figure 2
Summary of Adoption Practices

72

Percent

80

20

Figure 2 (continued)

73

100

90
J

O

80

A
70

O

M

r\
®

b

l

o

F•

6 0 1—
50

o
D

CO

K

E

(U
8*0
C/D

’c 30

20

10

O

=

city

=

County
Figure 3

Scattergram of Systems by Adoption Practices

74
Ranking of Systems by Adoption Practices
The systems were ranked according to the number of guideline
elements implemented.
in the array.

An asterisk (*) was used to indicate city systems

System J* received the highest ranking with nineteen

guideline elements implemented, and system I received the lowest
ranking with two guideline elements implemented.

(see Table 5)

Table 5
Ranking of Systems by Adoption Practices
System

Index Score

No. Adoptions

%

J*

82.3

19

70

c*

74.1

17

63

A*

73.3

17

63

M

72.2

17

63

L

68.7

16

56

B*

68.4

16

56

p*

61.8

14

52

D

48.4

11

41

K

48.4

11

41

E

42.3

10

37

H*

24.4

6

22

G

20.9

5

19

I

7.5

2

07

*City system
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Ranking of Elements by Adoption Practices
The ranking of guideline elements by adoption practices

(see

Figure 4) revealed that night/holiday setback received the highest
ranking, and that a written philosophy of energy conservation
received the lowest ranking.

Maintenance procedures, which received

a 4.7 mean score, had an adoption rate of ninety-two percent.
Insulation, which received a mean score of 4.9 had an adoption

rate

of twenty-three percent and room decor, which received a mean score
of 3.0, had an adoption rate of sixty-nine percent.
Eleven of the guideline elements with a highly significant
jury rating had an adoption rate of fifty percent or above.

Nine of

the guideline elements with a highly significant jury rating had an
adoption rate of less than fifty percent.

One guideline element rated

significant by the jury had an adoption rate of sixty-nine percent and
three guideline elements rated significant by the jury had an
adoption rate of less than forty-seven percent.
Administrative commitment, the guideline element with the
second highest mean score had an adoption rate of sixty-two percent.

Separation of Elements by Cost of Implementation
The elements were analyzed for cost of implementation and were
divided into minimal/no cost elements and cost-effective elements.
(see Table 6)

The possible mean score for the minimal/no cost elements

was 4.28, and the observed means were 2.59 (city) and 1.89 (county).
The possible mean score for the cost-effective elements was 4.29, and
the observed mean scores were 2.80 (city) and 1.74 (county).

Of the

twenty-four elements, fifteen were catagorized as minimal/no cost and
nine were catagorized as cost effective.

76

Night/holiday setback
Maintenance
Unconditioned zones
Weatherstripping (Maint.)
Room Decor
Information dissemination
Effective dissemination
Timers
Training - some
Administrative commitment
Weatherstripping (Inspect.)
Heating/cooling
Air Infiltration
Lighting
Energy Audit
Energy Committee
Water Temperature
Ventilation
Insulation
Water Conservation
Landscaping
Training - all
Written goals
Written philosophy

20

40

Figure 4
Ranking of Elements by Adoption Practices
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Table 6
Separation of Elements by Cost of Implementation
Minimal/No Cost

System Index Scores = System Implementation

D

L

M

0

4.5

4.5

0

0

0

0

4.5

4.5

0

0

4.4

4.4

0

0

0

4.4

4.4

0

4.4

4.4

4.4

4.4

0

4.4

4.4

0

4.4

4.4

4.4

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.5

4.0

4.0

4.0

4.0

0

0

0

0

0

0

0

4.0

4.0

Water Conservation

0

0

0

3.8

0

3.8

3.8

0

0

0

0

0

0

Training - all

0

0

0

0

0

0

4.5

0

0

0

0

4.5

4.5

Training - some

4.5

4.5

4.5

4.5

0

4.5

4.5

0

0

0

0

4.5

4.5

Written goals

0

0

0

0

0

4.2

0

4.2

0

0

0

4.2

4.2

Information Dissemination

4.1

4.1

4.1

4.1

0

4.1

4.1

0

0

0

4.1

4.1

4.1

Effective Dissemination

4.1

4.1

0

4.1

0

4.1

4.1

4.1

0

0

4.1

4.1

4.1

Written Philosophy

0

0

0

0

0

4.3

0

0

0

0

0

4.3

0

Administrative Commitment

4.8

4.8

4.8

4.8

0

4.8

4.8

0

0

0

0

4.8

4.8

Energy Committee

3.6

3.6

3.6

0

0

0

0

3.6

0

0

0

3.6

3.6

B

C

F

Weatherstripping (I)

4.5

4.5

4.5

0

Heating/Cooling

4.4

4.4

4.4

Unconditioned zones

4.4

4.4

Setback

4.5

Lighting

H

E

I

J

A

G

K

Table 6 (continued)

Minimal/No Cost

Water Temperature
TOTALS
Mean Scores

System Index Scores = System [mplementation
A

B

C

4.5

4.5

4.5

F
0

47.4 47.4 43.3 34.2

H
0

J
4.5

8.9 52.1
.59 3.47

3.16 3.16 2.89 2.28

D
0

E
0

39.2 20.8

I

G

K

L

0

0

8.9

4.5 30.0 51.9 43.0

2.61 1.39

4.5

.3

.59

0

M
0

2.0

3.46 2.87

Cost Effective

Insulation

4.9

0

4.9

4.9

0

0

0

0

0

0

0

0

0

Air Infiltration

4.5

0

4.5

4.5

0

4.5

0

0

0

0

0

4.5

4.5

Weatherstripping (M)

4.5

4.5

4.5

0

0

4.5

4.5

4.5

4.5

0

0

4.5

4.5

Ventilation

0

0

4.7

4.7

0

4.7

0

0

0

0

4.7

0

4.7

Timers

4.3

4.3

0

4.3

4.3

4.3

0

4.3

4.3

0

0

0

4.3

Room Decor

3.0

3.0

3.0

0

3.0

3.0

0

0

3.0

3.0

0

3.0

3.0

Maintenance

4.7

4.7

4.7

4.7

4.7

4.7

4.7

4.7

4.7

0

4.7

4.7

4.7

Table 6 (continued)

Cost Effective

System Index Scores = System Implementation
A

B

C

F

Landscaping

0

0

0

0

Energy Audit

0

4.5

4.5

4.5

TOTALS

25.9 21.0

Mean Scores

Minimal/No Cost
Number = 15
Possible mean = 4.28
City mean = 2.59
County mean = 1.89

2.88 2.33

30.8 27.6
3.42 3.07

D

H

J

3.5

0

0

0

3.5

0

0

0

3.5

0

4. 5

0

4.5

0

0

0

0

4.5

30. 2

9.2

15.5
1.72

3. 36

Cost Effective
Number = 9

Possible mean = 4.29
City mean = 2.80
County mean = 1.74

1.02

E

G

21.5 12.

I

3.0

2.39 1.33 .33

K

L

M

13.9 16.7 33.7
.54 1.86 3.74
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Statistical Tests Used for Analysis
Mann-Whitney U Test.

The Mann-Whitney U test, a test designed

to analyze very small samples, was chosen for application.

The test, a

powerful alternative to the jt test, showed a significant difference
between county and city adoption practices,

(see Table 7) City systems

were implementing more energy conservation opportunities than county
systems.

Table 7
Comparison of City-County Adoption Practices

County scores = City scores

Mann-Whitney U Test

U = 9

Probability = .051

Nx = 6
N

2

Reject H q

= 7

Spearman Rank-Order Correlation Coefficient.

The Spearman

rank-order correlation coefficient, a test used to assess the degree
of relationship between two variables, was used to analyze the citycounty relationship on the minimal/no cost element adoption practices
and the cost-effective adoption practices.

The test showed a

significant difference between city-county adoption.practices in each
division.

A significant difference between adoption practices

between city and county practices was established at the ninety-five
percent probability level in each analysis, and the minimal/no cost
analysis showed a significant difference at the ninety-nine percent
probability level,

(see Table 8)
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Table 8
Analysis of Minimal/No Cost and Cost Effective
Adoption Practices
Spearman rho Test
Data

H
Minimal/No Cost

Number

15

r cal.
s

o

County adoptions = City adoptions
Cost Effective
9

0.6759

0.7551

r crit.
s

.05

.441*

.600*

r crit.
s

.01

.621*

.783

*significant difference

Chi Square.

- reject H q

Chi square, a statistical method used to test

the difference between distributions, was employed to analyze the
difference in adoption practices of the cost-effective and minimal/no
cost guideline elements.

The test showed no significant difference in

the adoption of guideline elements whether they were cost-effective or
minimal/no cost guidelines.

(see Table 9) Even though the number of

minimal/no cost elements was fifteen and the number of cost-effective
elements was only nine, the test still showed no significant
difference.
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Table 9
Analysis of Minimal/No Cost Element Adoption Practices
And Cost-Effective Adoption Practices
Chi Square Test

H q Minimal/No Cost Practices
Min/No Cost

Not adopted
TOTALS
X 2 cal. - -022

00

195
A

Sub
Total

6 1 (60.375)

95 (94.375)

X2

Cost Effective

Cost Effective

100(100.625)

Adopted

*»

(56.625)

117
cnt.

= 3.841

161
151
312

H q tenable

SUMMARY

Chapter 4 presented the jury data and their analyses which
included a summary of jury responses, a listing of guideline elements
by significance, and additional elements suggested by the jurors.
The survey data and their analyses were presented which
included energy conservation practices adopted by the systems in the
selected area, energy conservation index scores, percentage reporting
of energy conservation practices adopted by systems in the selected
area, a ranking of systems by adopted energy conservation practices,
a summary of adoption practices, a ranking of elements by adoption
practices, a separation of guideline elements by minimal/no cost or
cost-effectiveness, analyses by Mann Whitney U test, chi square test,
and Spearman rank-order correlation coefficient.

Chapter 5

SUMMARY FINDINGS AND RECOMMENDATIONS

SUMMARY

During the twentieth century, energy conservation became a
necessity.

The problem of the study was stated in three parts.

First,

a search of related literature was made to give a brief historical
overview to the problem and to determine current criteria for energy
conservation opportunities.

These data were augmented by interviews

with personnel who had expertise in the area of energy conservation.
Second, the energy conservation criteria were used to develop a rating
sheet which was judged by a panel of authorities who had experience
in setting energy conservation standards for school plants, industrial
and state buildings, and residential buildings.

Third, the superinten

dents of a selected area were asked to complete a survey instrument
which was developed from criteria contained in the rating sheets.

The

responsibility of educational institutions in energy conservation was
emphasized.
The rating sheets were sent to eleven authorities and onehundred-percent response was received.

The criteria selected from the

review of literature and interviews were rated as contributing to
energy conservation.

No guideline element was judged not applicable

to the situation and twenty elements were judged highly significant.

83

84
Six out of twenty-seven elements were judged significant and only
one element was judged as contributing minimally to energy conservation.
The guideline elements rated by the jury were the essential
criteria for developing the survey instrument which was sent to the
thirteen superintendents of the selected area.
percent response was received.

Again, one-hundred

The survey instrument included twenty-

six criteria statements, and the data were reported around general
research questions.

Adoptions of energy conservation practices were

reported in percentage format, the Mann-Whitney U test, the Chi Square
test and the Spearman rank-order correlation coefficient were employed
to analyze the data.
The systems were ranked according to adopted practices,
energy conservation practices were arrayed by adoption percentages,
index scores using the jury rating means were computed for the systems,
and the elements were separated into minimal/no cost and cost-effective
divisions.

The findings were analyzed and recommendations for energy

conservation in school systems were made.

FINDINGS

Based on the jury rating sheets, and confirmed by the review of
literature and by interviews with authorities in the field of energy
conservation, the following guideline elements were considered highly
significant:

1.
the temperate zone.

Insulation.

Insulation should meet the specifications for

In Upper East Tennessee, the area selected for the

survey, ceiling insulation should have a minimum R-value of 19, walls
should have an R-ll and floors should have an R-7 rating.

R-values
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indicated resistance of air flow and was determined by checking the
insulating material rating.
2. Administrative commitment.

Without top level backing for

energy conservation programs, success should not be expected.

The

School Boards Association handbook for 1977 clearly defined duties of
school boards and one of the duties was energy conservation.

The

handbook also delineated line and staff responsibilities in the area of
energy conservation.
3. Maintenance.

Proper maintenance of buildings, equipment

and appliances provided economic incentive as well as energy conserva
tion opportunities.
ran more efficiently.

Properly maintained, facilities lasted longer and
Written guidelines for maintenance should be

in the hands of those responsible for this area.
4. Air infiltration.

Correction of unwanted air infiltration

was cited as a prime energy saver.

Weatherstripping and caulking

were considered important in this correction.

Also, consideration

might be given to installing vestibule areas or double doors that
would minimize air-infiltration.
5. Ventilation.

Proper ventilation provided moisture control

as well as providing adequate air intake and meeting building code
exhaust requirements.

A consultant should be used to determine

ventilation needs.
6. Night/holiday setback.

Lowering heating thermostats and

raising cooling thermostats proved beneficial in reducing energy
costs.

During unoccupied periods, thermostats should be set at

minimum levels for maintaining equipment in the building.
timers should be considered for this purpose.

Automatic
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7. Water temperature.

Thermostats on water heaters should be

reduced to no higher than 150°F.
8. Training.

Even lower levels should be considered.

Effective energy conservation can be better

accomplished by a well-trained staff.

Training programs should include

every person connected with the system.

This should include teachers,

students, custodians, all staff members, parents, and the community
at large, if possible.
9. Energy audit.

The energy audit provided the data base for

action and was considered imperative by many authorities.

Energy

audits should be conducted by energy conservation consultants such as
power company officials or members from the local Tennessee Energy
Authority located in Johnson City, Tennessee.

Also, specific questions

may be answered by calling the Tennessee Energy hotline in Nashville.
10. Heating/cooling.

Heating and cooling temperatures should

be checked carefully and regularly as this area proved to be the
greatest energy miser.

Consideration should be given to completing

warm-up during the first hour of occupancy and to reducing temperature
during the last hour of occupancy.

Cooling temperatures should be

raised during the last hour of occupancy and cooling levels should be
obtained prior to occupancy or during the first hour of occupancy.
Thermal comfort should be kept in mind, but lower heating temperatures
and higher cooling temperatures can offset energy costs significantly.
Heating/cooling should be turned off in unused or rarely used zones
such as garages and docks.

Unused wings might be completely shut off

and utilities disconnected.
11. Administrative policies.

A written policy of energy

conservation should be given to every staff member.
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12. Goals and objectives.

Written goals and objectives,

determined by an energy conservation committee, should be given to
every staff member.
13. Lighting.

Enlightenment of the public proved a key to success.
Lighting was found to be the major waste of energy

and the easiest energy conservation opportunity to spot.

Fluorescent

lighting proved to be the most efficient lighting medium but allowed
less control than incandescent lighting.
available for incandescent receptacles.

Fluorescent fixtures are now
Consideration should be given

to the use of timers and photocells for lighting efficiency.
levels should not be the same throughout the schools.

Lighting

Lighting needs

should be determined for different areas.
The following guideline elements were considered significant:
1. Water conservation.

The use of flow restrictors on

showerheads, in toilets, and on faucets was advised.
2. Double windows.

Double windows were found to save fifty

percent on energy costs over single pane windows.
3. Storm doors.

Storm doors were recommended for areas with

high percentage of unwanted air infiltration.
4. Landscaping.

Using evergreens as windbreaks on the

southside or as barriers to high wind paths, using deciduous trees for
sun in winter and shade in summer, and using shrubs and vines along
the building perimeter to provide moisture and cooling effect were
recommended.
5. Room decor.

The decor of rooms should be considered as a

contributing factor to energy conservation.

Colors and accessories

often enhance lighting and contribute to energy savings.
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Statistical analyses employed yielded the following results:
1. The Mann-Whitney U test.

The Mann-Whitney U test, employed

to test city-county adoption practice levels showed a significant
difference on total adoption practices.

City systems were implementing

more energy conservation opportunity practices than county systems.
2. The Spearman rank-order correlation coefficient (rho).

The

Spearman rank-order correlation coefficient was employed to analyze
city-county adoption practices on the minimal/no cost and cost-effective
elements.

The minimal/no cost elements showed a significant difference

in adoption practices at the ninety-five percent probability level.
City systems were implementing more minimal/no cost energy conservation
opportunity practices than county systems.

On'the cost effective

division, adoption practices showed a significant difference at the
ninety-nine percent probability level.

Again, city systems were

implementing more cost-effective elements than county systems.
3. The Chi Square test.

The chi square test was employed to

test the difference between minimal/no cost and cost-effective adoption
practices.

The test showed no difference in adoption practices.

RECOMMENDATIONS

Schools should serve as examples of energy conservation;
therefore, every school system should immediately implement all nocost guidelines, prepare short-range plans for implementation of
minimal cost guidelines, and incorporate cost-effective guidelines into
long-range planning.
Budgets should be scrutinized to effect implementation of all
guidelines at the earliest financial convenience.

Delay of implementing
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energy conservation opportunities will result only in greater
financial burden.
School systems should develop an accounting system to show
energy costs and savings.

This information should be publicized with

pragmatic reasons for adoption practices.
Empirical evidence of energy conservation should be publicized.
Every student, staff member and community citizen should be aware of
the school system's energy conservation practices.
Written goals and objectives for energy conservation
accompanied by the energy conservation philosophy of the system
should be effectively disseminated to staff and students.
When goals and objectives have been established, each system
should obtain commitment to implement necessary procedures.
Each system should appoint an energy conservation staff member
to follow-up and track energy conservation practices.
An energy audit of the system should be conducted annually.
Preferably, a team of consultants should conduct the audit.

Long-

range plans should include maintenance of school plants and new
construction.
As effective and efficient community organizations, school
systems must prepare for the future by training their staffs and
students in energy conservation.
Since top level administrative commitment was found to be the
key to successful energy conservation practices, all superintendents and
their assistants should be dedicated to energy conservation.
New construction should incorporate proper site planning
orientation.

Landscape designers should be consulted for efficient
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use of natural sites.

Careful consideration should be given to

incorporation of new energy saving devices.
Unused areas should be closed and, if possible, utilities
should be disengaged in these areas.
Schools must be hallmark examples of energy conservation.
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RATING SHEET

Instructions for completing rating sheet:
The following pages contain a list of tentative guidelines for
planning energy conservation in school facilities. You are asked to
give your opinion as to their value by placing a numerical rating to
the left of each guideline, according to the code listed below.
Guideline Rating

Explanation of Guideline Rating

5

Essential

A step necessary for efficient energy
use in school facilities

4

Highly Significant

A step that is not absolutely
necessary but would be of functional
value for efficient energy use in
school facilities

3

Significant

A step not necessary but would have
some functional value for efficient
energy use in school facilities

2

Little Significance

A step holding little value even
though its presence would not harm
efficient energy use in school
facilities

1

Not Applicable

A step which would have no value

Guideline Element

Explanation of Guideline

Insulation

Adequate insulation for facility that
meets specifications for temperate
zone

Roof and Ceiling
(R-19)

Minimum R-value for roof and ceiling
areas should be R-19

Walls (R-ll)

Minimum R-value for outside wall
areas should be R-ll

Floors (R-7-11)

Minimum R-value for floor areas
should be R-7

Air Infiltration

Correction of unwanted air
infiltration
Elements used for correction of
unwanted air infiltration

Code

Rating
Code

Storm doors, windows or
plastic window kits
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Rating
Code

Guideline Element

Explanation of Guideline

Double windows

Use of double windows (thermopane)
rather than single pane

Triple windows

Use of triple windows rather than
double or single pane windows

Weatherstripping and
caulking

Use of sealants for correction of
unwanted air infiltration

Ventilation

Adequate ventilation to maintain
proper moisture control and to
meet exhaust requirements

Heating/Cooling

Heating/cooling plan that makes
efficient use of units without
sacrificing thermal comfort

Non air conditioned zones Turning off heating/cooling in
zones such as garages, docks, loading
platforms and unused areas
Automatic timers
and photocells

Use of timers to activate or
deactivate heating/cooling and
lighting units

Night/holiday setback

Use of night/holiday setback
controls to conserve heating/
cooling and lighting energy use
during unoccupied intervals

Lighting

Reducing lighting levels to meet
recommended standards

Room Decor

Use of room decor to enhance or
improve lighting efficiency

Maintenance

Proper maintenance of all appliances
and equipment

Water conservation

Use of flow restrictors for showerheads, toilets, and faucets

Lower thermostat
temperature level on
water heaters

150°F temperature is adequate for
general water usage (Most water
heater thermostats are set much
higher)

Landscaping

Use of deciduous trees for providing
shade in summer, sun in winter; use
of evergreens as windbreaks; use of
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Rating
Code

Guideline Element

Explanation of Guideline

trees and shrubs to provide cooling
effect near facility perimeter
Training

Training programs in energy conser
vation for all staff members

Goals and Objectives

Setting goals and objectives for
energy conservation in the facility

Enlightenment

Informing system population of
goals and objectives

Administrative Policy

Written policy of energy conser
vation philosophy of the system

Administrative
Commitment

Total commitment to energy conser
vation by top level administrators
in the system

Energy Audit

Complete audit of facility to
determine energy conservation
opportunities

Energy Conservation
Committee

Committee appointed to determine
energy conservation opportunities
and to develop goals and objectives
for efficient energy use

If you wish to suggest additional elements, please list and explain
them below.
After completing your ratings and suggestions, please return
the rating sheets in the enclosed envelope.
Rating
Code

Guideline Element

Explanation of Guideline

Name of juror________________________________
Professional activities ahd accomplishments

APPENDIX B
Letter to Jurors
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LETTER TO JURORS

Dear _____________________
As a doctoral student at East Tennessee State University, I
am presently engaged in a study entitled, "Energy Conservation in
School Facilities." This study is under the direction of Dr. J.
Howard Bowers, Professor.
Through a review of literature and interviews with authorities
in the field of energy conservation, I have identified certain
procedural elements (elements requiring little or no cost to
implement) that appear vital for efficient energy consumption in
school facilities.
In order to further validate the elements that appear to be
essential in planning efficient energy conservation programs, I am
requesting a jury of authorities to rate the elements.
I would
sincerely appreciate your serving on this jury.
Included with this letter are the rating sheets and an
explanation of the guideline ratings.
I will be most grateful for your consideration of this
request.

Sincerely yours,

(Mrs.) Nancy B. Hicks

APPENDIX C
Guideline Elements Arrayed by Mean (Index) Scores
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GUIDELINE ELEMENTS ARRAYED BY MEAN (INDEX) SCORES

Score

Element

4.9

Insulation

4.8

Administrative commitment

4.7

Maintenance

4.5

Air Infiltration

4.5

Weatherstripping and caulking

4.5

Ventilation

4.5

Night/holiday setback

4.5

Water temperature

4.5

Energy Audit

4.4

Heating/cooling

4.4

Non air conditioned zones

4.3

Automatic timers and photocells

4.3

Administrative policy

4.2

Written goals and objectives

4.1

Enlightenment

4.0

Lighting

3.8

Double windows

3.8

Water conservation

3.6

Energy Conservation Committee

3.5

Storm doors

3.5

Landscaping

3.5

Room Decor

2.5

Triple Windows

APPENDIX D
Letter to Superintendents
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LETTER TO SUPERINTENDENTS

Dear _____________________
As a doctoral student at East Tennessee State University, I
ara presently engaged in a study entitled, "Energy Conservation in
School Facilities." This study is under the direction of Dr. J.
Howard Bowers, Professor.
Through a review of literature and interviews with authorities
in the field of energy conservation, I have identified certain
procedural elements (elements which require little or no cost to
implement) that appear vital for efficient energy use in school
facilities.
The purpose of the study is to survey energy conservation
practices in the Upper East Tennessee Educational Cooperative.
I am
requesting the superintendents of these systems to indicate energy
conservation practices in their systems by responding to a survey
instrument.
I would sincerely appreciate your completing this
survey.
The results of this study and recommendations for procedural
energy conservation opportunities will be available through the
office of the Upper East Tennessee Educational Cooperative.
I will be most grateful for your consideration of this request.

Sincerely yours,

(Mrs.) Nancy B. Hicks

APPENDIX E
Survey Instrument
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ENERGY CONSERVATION IN SCHOOL FACILITIES
SURVEY INSTRUMENT

Directions: Please check ( ) YES to each energy conservation element
already in practice in your system. Please check ( ) NO to each
energy conservation element not in existence in your system.
ELEMENT
Procedure to determine that insulation of buildings
meets temperate zone standards.
Procedure for correction of unwanted air infiltration.
Annual inspection of weatherstripping caulking.
Routine maintenance of weatherstripping and caulking.
Procedure to insure adequate ventilation as determined
by an authority in the field.
Written policies for efficient use of heating/cooling
units.
Heating/cooling turned off in zones such as garages,
docks, loading platforms and unused areas.
Use of automatic timers or photocells to activate
or deactivate heating/cooling and lighting units.
Use of night/holiday setback controls to conserve
heating/cooling or lighting energy during
unoccupied intervals.
Procedure to determine lighting standards.
Use of room decor to enhance or improve lighting
efficiency.
Procedure to insure proper maintenance of all
appliances and equipment.
Use of flow restrictors on showerheads, In toilets,
and on faucets.
Planned landscaping that aids energy efficiency in
school buildings.
(Deciduous trees for shade in
summer, sun in winter; evergreen wind breaks)

YES

NO

____

__
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ELEMENT

YES

Energy conservation training programs for all
staff members.
Energy conservation training programs for
some staff members.
Written goals and objectives for efficient
energy use in system.
Means to disseminate information about energy
conservation information.
Effective dissemination of energy conservation
information.
Written policy of energy conservation philosophy
of the system.
Top level administrative commitment to energy
conservation.
Completed energy audit of system.
Plans to have an energy audit conducted in the
near future.
Energy conservation committee already appointed.
Plans to establish energy conservation committee.
Thermostats on water heaters lowered to 150°F.

ADDITIONAL ELEMENTS
If you wish to list procedural elements implemented
that are not mentioned, please do so below.
ELEMENT

Name of superintendent
School system_________

your system

NO

APPENDIX F
Members of the Jury
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MEMBERS OF THE JURY

Robert B. Crawford
Mr. Crawford, former director of Resource Development/
State Planning Division, Governor's Office of Federal-State Relations,
West Virginia, was executive director of the Jackson County Development
Authority district.

Part of his responsibility included acting as

liaison between federal HUD and West Virginia state officials.

He was

formerly associated with the National 4-H Center, Washington, D. C.
He also served as director of Fiscal Affairs and Physical Facilities
Development for Bluefield State, Concord and Greenbrier Valley
Community Colleges.

He received state-wide recognition for energy

conservation efforts by utilizing some of the techniques he initiated
at the National 4-H Center.

Allen N. Dryden, J r .
Mr. Dryden was a registered architect of the firm Allen
Dryden Architects, Kingsport, Tennessee, an established firm which
was well known for its quality contributions in the field of design.
Mr. Dryden, in addition to being a designer of schools, was reputed
for his design of hospitals, commercial complexes and residential
dwellings.

He received national recognition for his designs.

John W. Gilliland
Dr. Gilliland, now retired, formerly served as Director of
the School Planning Laboratory and professor of educational administra
tion at the University of Tennessee.

He was considered a foremost

authority in the field of school plant planning and served as a
consultant throughout the United States.
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Barker Harrison
Dr. Harrison served as professor of education at Auburn
University at Montgomery, Alabama.

Dr. Harrison served as an

educational facilities planner on projects estimated at costing
more than three hundred million dollars.

James L. Kesterson
Mr. Kesterson served as an official with the Kingsport Power
Company, Kingsport, Tennessee.

Through schools and training classes

and study in the field of energy, he became an authority in the
area and served as a representative for over twenty years working
with heating and cooling dealers, builders, and insulating contractors.

Donald W. Lane
Dr. Lane, a chemical engineer served as manager of the energy
conservation program at Tennessee Eastman Company.

Prior to his

present position, he served as a controlled researcher for Phillips
Petroleum and as a research engineer for the Sun Oil Company.

Nile P. McCrary
Dr. McCrary, well known for his outstanding contributions to
school plant planning, served as director of school plant planning for
the state of Tennessee.

Monroe T. Morgan
Dr. Morgan, a distinguished faculty member, was chairman of the
Department of Environmental Health at East Tennessee State University.
He served on the National Health Association Manpower Study and the
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National Academy of Science's Commission on Human Resources of the
National Research Council.

He served as president of the National

Health Association, consultant to the World Health Organization,
and a member of the Federal Public Health Review Committee.

William T. Snyder
Dr. Snyder, engineering department head and professor at the
University of Tennessee, was nationally known for his work in the
field of energy conservation.

He served on the Governor's Task Force

on Energy, lectured and conducted energy workshops and seminars.

He

helped develop graduate courses on energy management, served as a
co-chairman of a state-wide committee to develop an ERDA proposal for
Tennessee, and served as a lecturer for the Tennessee Energy Authority.
He also served as lecturer for two energy conservation workshops at
the University of Arizona and as principal investigator of the NASA
study, "Power Plant Siting."
Frederick W. Symonds
Dr. Symonds, professor of electrical engineering at the Univers
ity of Tennesse^ was well known for his contributions in the field of
energy conservation and management.

With William T. Snyder, he was

co-principal investigator of the NASA supported project on energy
management in the city of Baltimore.

He served as a lecturer for the

Tennessee Energy Authority and conducted over fifty energy audits.

Darwin W. Womack
Dr. Womack, well known for his contributions to the design of
school plants, served as assistant superintendent of the Atlanta Public
Schools with responsibilities in school plant planning.

